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Abstract 
The research described in this thesis is concerned with the exploitation of a non-
racemic chiral base to create enantiomerically enriched chiral centres on the benzylic 
positions of arene chromium tricarbonyl complexes. 
The first chapter is in two parts. The first part contains a historical overview of chiral 
bases and their use in asymmetric synthesis, as well as demonstrating the versatility of 
chiral base reactions. The latter part deals with the chemistry of arene chromium 
tricarbonyl complexes and how these molecules have been used in asymmetric 
synthesis and as ligands in asymmetric catalysis. 
The second chapter looks at the synthesis of a novel benzyl phosphine chromium 
tricarbonyl complex and attempts to asymmetrically deprotonate the molecule in order 
to create a new chiral monophosphine. 
The third chapter describes the generation of a range of novel monophosphine 
ligands, based on an arene chromium tricarbonyl core, by exploitation of an 
asymmetric deprotonation/electrophilic quench sequence. The novel monophosphines 
have been assayed in the asymmetric hydrosilylation reaction, and the results are 
presented and discussed. 
The fourth chapter is a study of arene chromium tricarbonyl complexes of dibenzyl 
ether and a dibenzylamine, and their asymmetric deprotonation. The generation of 
new C2-symmetric ethers with high enantioselectivity is demonstrated. 
The fifth chapter describes the attempted construction of a novel chiral C3-symmetric 
triol using the chiral base mediated asymmetric benzylic functionalisation approach. 
The sixth chapter contains the experimental details of the work presented in Chapters 
two, three, four and five. Chapter seven provides the bibliographic information. 
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Chapter One 
Introduction 
1.1 	Chiral Base Chemistry 
1.1.1 The Early Days of Chiral Base Chemistry 
The first example of the use of non-racemic chiral amides as selective bases was 
reported in 1980 by Whitesell and Felman.1 These authors used a number of chiral 
lithium amides (1-6), in the asymmetric ring opening of cyclohexene oxide. Moderate 
success was achieved using amide 1, to produce (R)-2-cyclohexen- 1 -ol in 65% yield 
and with an enantiomeric excess (ee) of 31% (Scheme 1). 
0 	 OH 
Chiral Base 
 
Chiral Base Yield (%) ee (%) 
1 65 31 (R) 
2 76 18 (S) 
3 69 11 (R) 
4 95 9 (R) 
5 51 3(5) 
6 44 3 (R) 
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Scheme 1 
These findings inspired a number of groups over the next decade to develop novel 
chiral bases and also to investigate other reactions involving asymmetric 
deprotonations.2 For example, Asami's group developed a new class of chiral lithium 
amide that significantly improved upon the yields and observed ee's, obtained by 
2 
ci) 	Cr? 
Li- -N 	Li- -N 
7 	8 
ci%  
	
Li- -N---) 	Li- -71--. 
C---o 	\----Nme 
9 	10 	11 	12 
cr' Li- -N-Et,  
Et 
Whitesell, in asymmetric epoxide ring-opening reactions. Using diamines synthesised 
from proline, 7-12, Asami obtained 2-cyclohexen-l-ol in yields of up to 78% and 
selectivities of up to 92% ee (Scheme 2).3' 4 
a Chiral Base 
 
Chiral Base Temp (°C) Solvent Yield (%) ee (%) 
7 -78 THF 78 90 (5) 
7 0 THF 77 92 (S) 
7 -78 Et20 71 55 (S) 
7 -78 DME 72 71 (5) 
8 -78 THF 71 81 (5) 
9 -78 THF 70 86 (5) 
9 0 THF 72 88 (S) 
10 -78 THF 67 68 (5) 
11 -78 THF 69 83 (5) 
12 -78 THF 55 47 (5) 
Scheme 2 
1.1.2 Development of Chiral Base Chemistry 
During the 1990s, chiral base chemistry attracted much attention, with many groups 
investigating numerous chiral bases and various new applications. There were two 
main types of chiral base that were studied, chiral lithium amides and 
alkyllithiurn/chiral amine complexes. 
3 
1.1.2.1 Chiral Lithium Amides 
The development of chiral lithium amides arose in the early 1990s as more groups 
started to take an interest in this area of chemistry.5 This led to the synthesis of new 
chiral lithium amides, and a greater understanding of the reaction conditions being 
developed. 
One of the major findings to emerge during this period was the effect of additives on 
the selectivity of the reaction. During studies to investigate the effect of internal 
versus external quenching in the asymmetric deprotonation of 4-tert-
butylcyclohexanone 13, it was shown that an internal quench, with 
chlorotrimethylsilane, gave greater selectivity than an external quench (Scheme 3). 
However, it was then discovered that on addition of LiC1, the selectivity of the 
external quench exceeded that of the internal quench. This observation led the authors 
to infer that the order of quenching was irrelevant and that the presence of the LiC1 
was responsible for creating the observed increase in selectivity.6 
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N
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Ph 
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(R,R)-1 
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OSiMe3  
   
tBu 
13 
Me3SiCI, THF, -78 °C 
 
Quench Equivalents LiC1 ee (%) 
Internal 0 69 
External 0 23 
External 0.5 83 
Scheme 3 
4 
Further studies by Simpkins, Majewski and Koga confirmed this effect, in addition to 
showing that the LiC1 could also be generated by mixing the hydrochloride salt of the 
chiral amine with an alkyllithium.6-9 An explanation as to why the addition of LiC1 
resulted in greater selectivity was offered by Koga.9 During 6Li and 15N NMR studies, 
four species were observed: i, ii, iii, and iv (Scheme 4). By comparing the conditions 
that gave the highest selectivity with the NMR observations, it was found that iv was 
the species responsible for the highest selectivity and it was only formed in the 
presence of LiC1 or LiBr. None of the species (i - iv) were formed in the presence of 
LiI, explaining the low selectivity of this additive. 
Rs 	R, ,Li 	R 	R 1 1 	R„Lis 
,N—Li ,N„N, R—y—y—N—R  ,N „X 
R 	R Li R Li—X—Li 	R Li 
i ii 	iii iv 
Scheme 4 
In addition to further examples of the chiral bases first utilised by Asami (Scheme 2) 
being developed,10' 11 other research groups have designed and synthesised new types 
of chiral lithium amide bases with applications in asymmetric deprotonations. An 
important type of chiral base was developed by Koga in 1994 (Scheme 5).12 
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Scheme 5 
These chiral bases proved to be successful in a number of reactions, including the 
enantioselective deprotonation of prochiral cyclic ketones, the regioselective 
deprotonation of optically active 3-keto steroids and the enantioselective alkylation of 
1-tetralone (Scheme 6).12,13 
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Scheme 6 
6 
In 1994 Simpkins developed another novel chiral base (+)-23.14 This base was 
synthesised by reacting (R)-(+)-a-methylbenzylamine (+)-24 and glyoxal 25 with an 
acid catalyst. The produced diimine, (+)-26, was then subjected to a Grignard addition 
with PhMgBr to form, after chromatography and recrystallisation, the precursor 
diamine (+)-27. The desired chiral lithium diamide (+)-23 was generated from the 
diamine (+)-27 in situ (Scheme 7). 
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Scheme 7 
The new base, (+)-23, proved to be particularly successful in the asymmetric 
deprotonation of benzylic hydrogens on arene chromium tricarbonyl complexes.15 23  
These reactions will be discussed in detail in chapters 2,3,4 and 5. 
1.1.2.2 Alkyllithium/Chiral Amine complexes 
The majority of work in this area has involved the use of the alkaloid (-)-sparteine, 28. 
Sparteine induces enantioselectivity by forming a chiral environment around the 
lithium to which it is coordinated (Scheme 8). The same effect is observed with 
Grignard reagents, allowing enantioselective Grignard additions to take place.24 
7 
Me 
CO2H 
1) 28/n-BuLi 
2) CO2 
18%, 30% ee 
Li 
28 28.Li 
Scheme 8 
(-)-Sparteine 28 was first used to by Nozaki between 1969 and 1971.24-26 Some of the 
reactions examined were the asymmetric synthesis of carbinols, and the 
enantioselective deprotonation of a benzylic proton.24 As well as this, the asymmetric 
lithiation of ferrocenes was also attempted (Scheme 9).25,26 
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28/EtMg Br 
15%, 22% ee 
1) 28/n-BuLi 
2) CO2 
	00' 
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HO2C 	 53%, 3% ee 
Scheme 9 
Although the reactions outlined in Scheme 9 did not give excellent results, they 
generated a new area of interest. This meant that by 1997 the alkyllithium/(-)-
sparteine complex was being used in many reactions with great success.27 An example 
of this is the work carried out by Hoppe using s-BuLi/(-)-sparteine complexes in an 
enantioselective cyclopropane synthesis,28 and in the a-deprotonation of ether 
protected 1-alkanols (Scheme 10).29' 3° 
8 
Me H •:' Yo 
CbxO 
1) 28/s-BuLi 
2) Mel 
81%, 96% ee 
H .1-I •,- 
CbxO 
Scheme 10 
Furthermore, work carried out by Beak demonstrated the potential of these 
complexes, as they gave enantiomeric excesses of up to 96% in the asymmetric 
deprotonation of achiral N-Boc-pyrrolidine (Scheme 11).31' 32 
1) 28/s-BuLi 
2) E+ 
 
E Yield (%) ee (%) 
SiMe3  87 96 (S) 
Sn(n-C4H9)3  83 96 (5) 
Scheme 11 
1.1.3 Recent Developments 
1.1.3.1 New Bases 
In an effort to produce more reactions that are selective, new chiral bases and chiral 
base systems have been created. Recently, O'Brien has produced a number of 
sparteine surrogates (Scheme 12) with a view to improving reaction performance, and 
to accessing both enantiomers of a product easily, as (+)-sparteine is not readily 
available."' 34 
9 
Me,T 
H 
(+)-sparteine 
Scheme 12 
N 
In another example, Malhotra has shown that lithium diisopinocampheylamide 29 acts 
as a good chiral base in the enantioselective deprotonation of cyclohexene oxide, 
producing enantiomeric excesses of up to 95%, using a catalytic quantity of 
20 mol%.35  
29 
Furthermore, Alexakis has also produced a number of new bases, for use in the 
catalytic enantioselective epoxide ring opening of cyclohexene oxide (Scheme 13).36 
Unfortunately, these results have been disappointing, but these new bases have the 
potential to be used in other asymmetric transformations. 
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Scheme 13 
Amedjkouh has developed a new chiral base system that uses a heterodimer derived 
from chiral base 30 and one of two bulky bases 31 and 32.37 This system has been 
used in the selective deprotonation of cyclohexyl ketones and has exhibited 
selectivities of up to 66% ee. 
----c 
N 
Li 	\ 
Li 
31 	32 30 
The use of dilithiated aminoalcohols as chiral bases has been investigated by Murphy. 
The dilithiated enantiomers of norephedrine and ephedrine, 33-36, were used as chiral 
bases in epoxide rearrangement reactions, and achieved selectivities of up to 
86% ee." 
11 
Me Ph 	Me, ,Ph 	Me Ph 	Me, Ph 
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OLi 	LiMeN 	OLi 
-..- 	:.• 
34 	 35 36 33 
(+)-norephedrin (-)-ephedrin (+)-ephedrin (-)-norephedrin 
Alongside the exploitation of lithium amide bases, it is noteworthy that Henderson 
and Kerr have examined the use of magnesium amide base 37 in enantioselective 
deprotonation reactions.39' 40 The use of this base in the desymmetrisation of 
cis-2,6-di-iso-propylcyclohexanone formed the product in over 99% ee. 
)2Mg 
37 
1.1.3.2 Polymer Supported Chiral Bases 
The first study of chiral bases attached to polymer supports was reported by Majewski 
in 1999.41 In this research, two main types of polymer supported chiral amine were 
produced. The first type, 38-40, were chiral amines attached, via a covalent bond, to 
an insoluble Merrifield resin. The synthesis of the polymer-bound amine 38 is shown 
in Scheme 14. The second type of immobilised chiral bases, 41 and 42, were 
synthesised by attaching a chiral amine to a soluble co-polymer made from styrene 
and 4-chloromethylstyrene monomers. 
12 
Nal CI O(CH2)60H 
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NaH 
1) (S)-(-)-a-methylbenzylamine 
2) Bu3SnH 
111, 
 imidazole 
Ph3P, 12 
Ill 
42 
H
I 
41 
38 
Ph ON)Ph 
39 
	 40 
38 
Scheme 14 
These amines, 38 — 42, were employed in the enantioselective deprotonation of a Cs-
symmetric cyclic ketone, the results of which are summarised in Scheme 15. 
13 
	XF-- Me—N 
COOCH2CCI3 
1) R2N-Li 
2) CICOOCH2CCI3 
Chiral Base Yield (%) ee (%) 
38 35 22 
39 37 59 
40 48 6 
41 77 75 
42 74 66 
Scheme 15 
More recently, Johansson has shown that the polymer-supported amine 38 has utility 
in the enantioselective ring opening of cyclohexene oxide, generating the product in 
91% enantiomeric excess.42 
In 2006, Willard reported a new series of polymer-supported chiral amides, based on 
Merrifield resin, 43 — 51, and their application in asymmetric deprotonations (Scheme 
16).43 Some of the results showed promise, with enantiomeric excesses of up to 82% 
being recorded. The author also carried out a study into the reusability of the most 
successful amide, 47, and found that after six cycles the product yields only went 
down slightly, and the selectivity of the amide remained constant. 
14 
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43 75 18 (R) 
44 68 <2 (-) 
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48 59 <2 (-) 
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Reusability of Chiral Amide 47 
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Yield (%) 90 92 90 86 87 85 
ee (%) 81 80 79 79 80 80 
Scheme 16 
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1.1.3.3 Use of Sub-Stoichiometric Amounts of Chiral Base 
Perusal of the literature shows that the majority of the research utilising chiral bases 
employs either stoichiometric amounts or an excess of the chiral reagent. However, 
there has been a growing interest in the use of catalytic amounts of the chiral base, in 
conjunction with an achiral bulky base in order to regenerate the chiral base. 
Researchers in this area include Alexakis,36' 44 ASaM1,45 - 48 Andersson,49 - 53 Koga,54' " 
O'Brien56 - 59 and Ahlberg.6° - 64 This work has led to the catalytic reaction being 
refined and used by other workers in their syntheses. An example of such catalytic 
methodology is the use of the chiral base 52 in the synthesis of acyclic polyols 
(Scheme 17).65  
Ph, .,Ph 	 Ph 'S ,Ph 
S LDA (200 mol%) 0)1 
c 
or 52 (5 mol%): 72%, 91% ee 	
Si 
52 (10 mol%): 78%, 93% ee 
3 steps 
	OH OH 
4—pj.  I-s . . ,IH NO 
52 
Scheme 17 
1.1.3.4 New Reactions 
Although the majority of reports over the years have focused on the use of chiral 
bases to selectively deprotonate ketones, induce selectivity in epoxide ring openings 
and functionalise arene chromium tricarbonyl compounds, a number of groups have 
sought to utilise these reagents in other reactions. Simpkins has executed a number of 
16 
new desymmetrisations including that of bridged carbonyl compounds,66 cyclic 
phospholane oxides,67 and imides.68 These outcomes were favourable, and a selection 
of results is shown in Scheme 18 to demonstrate the versatility and usefulness of 
chiral base desymmetrisations. 
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Scheme 18 
There has also been work into other interesting reactions, including the thia-Sommelet 
dearomatisation reaction.69 The most successful base reported for use in the thia-
Sommelet reaction was the chiral base, 23, developed by Simpkins (Scheme 19). 
Ph 0 
Ph Ph 
)—NLi 
Ph 	 Ph 
23 
84%, 50% ee 
Scheme 19 
17 
Another area of interest is the employment of chiral bases in the asymmetric synthesis 
of C2-symmetric P-chiral diphosphines, first proposed by Evans in 1995.7°  
Enantiomerically enriched diphosphines are widely used in asymmetric catalysis, but 
the chiral centre is normally on an adjacent carbon atom, and rarely on the phosphorus 
atom. Therefore, it is beneficial to be able to produce new chiral diphosphines, with 
the chirality held at the phosphorus centres, in an efficient and highly selective 
manner. Evans carried out this synthesis by deprotonating prochiral borane protected 
phosphines with lithiated (-)-sparteine 28, and treating the reaction mixture with 
Cu(OPiv)2 to couple the phosphines. Excellent enantiomeric excesses were achieved 
with a reasonable chiral product to meso product ratio (Scheme 20). 
yH3 
A' P  r"- 
a Me 
28/s-Bu Li 
	IP- 
BH3 	E3H3 
Arf`•------ThMe + meso 
Me 	Ar 
A 	B 
Cu(OPiv)2 
Ar Yield (%) A : B ee (%) 
phenyl 72 79:21 98 
o-anisyl 69 85:15 99 
o-tolyl 67 88:12 99 
1-napthyl 68 85:15 96 
Scheme 20 
More recently, O'Brien and co-workers have refined this reaction, albeit with a 
slightly different phosphine, in a catalytic fashion.71 They found that (-)-sparteine 28, 
or its surrogate 53 could be used at levels as low as 0.1 equivalent, without 
compromising the yields and enantiopurity of the desired product (Scheme 21). 
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AcO 
AcO -7 OAc 
OAc 
56 55 54 
OH 
BH3 	28 or 53/s-BuLi 	BH3 	BH3 
tBuM gyp. 
e 
 
tBu.. , + meso I 'Me 
Me 	tBu CuCl2 
A 
Me, 
28 	 53 
Chiral Base Equivalents of Chiral Base Yield A (%) er Yield B (%) 
28 0.5 61 >99:1 15 
28 0.2 48 >99:1 27 
53 0.5 59 >99:1 15 
53 0.2 56 >99:1 17 
53 0.1 45 >99:1 25 
Scheme 21 
1.1.3.5 Chiral Base Chemistry in the Synthesis of Natural Products 
The work on chiral base methodologies over the past couple of decades has created an 
efficient method for asymmetric functionalisation of prochiral compounds. This has 
led, in turn, to chiral bases being used in the total syntheses of natural products. 
O'Brien has used chiral bases in the synthesis of the cyclopentyl core, 54, of 
nucleoside Q, 55,72 and the tetraacetate of (+)-conduritol F, 56.73' 74 
Simpkins has also utilised chiral bases in the synthesis of natural products, and has 
produced (+)-hinokinin 57,75 jamtine 58, and paroxetine 59,76 with high enantiomeric 
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excesses. The same research group has also used chiral lithium amide 
desymmetrisation as the key step in a synthesis of the erythrinan alkaloid system.77 
57 	 58 	 59 
Clayden has used chiral bases in the synthesis of the natural product (-)-kainic acid 
60.78  
NH 
CO2H CO2H 
60 
(-)-Kainic acid was originally isolated from the alga Digenea Simplex and has been 
used as an insecticide. However, a disruption to its availability from its natural source 
has meant that a route to produce the acid synthetically is greatly desired. Clayden's 
synthesis of (-)-kainic acid 60 involved the acylation of the cumyl amine 61 to give 
amide 62 which was subsequently benzylated to give the tertiary amide 63. 
 
p-Me0C6H4COCI 
Et3N, DCM 
NaH, BnBr 
DMF 
 
      
H2N P 
 
87% 
 
87% 
MeO 
   
MeO 
 
61 
	 62 	 63 
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The next step, an asymmetric dearomatising cyclisation reaction, was carried out with 
a chiral base. Two chiral bases were used, 64 and 65, and they produced moderate 
yields of the product 66, in excellent enantiomeric excesses after recrystallisation. The 
tertiary amide 63 was treated with one of the chiral bases and asymmetric 
deprotonation took place to form the lithiated species 67. When the reaction mixture 
was allowed to warm up from -78 °C to 0 °C the dearomatising cyclisation took place 
to form 68; work-up produced the enone 66. 
64 
63 
64 or 65 
LiCI, THE 
 
-78 °C - 0 °C 
 
 
Me0 
 
MeO 
67 
	
68 
1) NH4CI, H2O 
2) HCI, H2O 
Me2CuLi, 
TMSCI 
  
    
  
TMSO 
66 
	
69 
64: 88%, 81% ee 
52%, 99% ee after recryst. 
65: 66%, 73% ee 
34%, 99% ee after recryst. 
Michael addition to 66 with Me2CuLi in the presence of TMSC1 led to the formation 
of enol ether 69. This was treated with trifluoroacetic acid to remove the cumyl and 
TMS groups, leaving ketone 70. The nitrogen was re-protected with Boc anhydride, 
and the resulting tertiary amide 71 was treated with catalytic RuC13 and NaI04, 
followed by diazomethane, to give the methyl ester 72. A Baeyer-Villiger oxidation of 
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Boc2O, Et3N 
0 	 DMAP 
NH 
CF3CO2H 
69 	 
11 	 90% over 3 steps 
O 
Bu3P 	Oa- 
2) H202, Py 
99% 
NBoc 
CO2Me CO2Me 
75 
73 
NSePh 
NBoc 
CO2Me 
72 
1) Li0H, H2O, THE 
2) CF3CO2H, DCM 
3) Dowex-50 
80% 
NH 
CO2H CO2H 
60 
1) DIBAL 
2) Et3SiH, BF3.OEt 
DCM 
75 
44% 
76 
72 produced the seven membered lactone 73, which was subjected to a 
methanolysis to yield alcohol 74. This alcohol was subsequently dehydrated using 
N-phenylselenylphthalimide and hydrogen peroxide to give alkene 75. 
70 
	 71 
1) RuCI3 (0.12 eq.), 
Na104 (17 eq.), 	= H 0 
H2O, MeCN, EtOAc 
2) CH2N2 
57% 
OH 
NBoc 
.0O2Me 
MeO 0 
74 
m-CPBA, DCM 
	H 0 
NBoc 
88% 
0 	H CO2Me 
NaOMe, Me0H 
99% 
The carbonyl moiety in 75 was reduced using DIBAL and treated with triethylsilane 
and boron trifluoride etherate to create the protected amine 76. This amine was then 
deprotected with lithium hydroxide. Finally, the addition of trifluoroacetic acid 
produced the desired product (-)-kainic acid 60. 
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1.2 	Arene Chromium Tricarbonyl Chemistry 
1.2.1 Introduction to Arene Chromium Tricarbonyl Complexes 
The first targeted synthesis of an arene chromium tricarbonyl complex was that of 
(benzene)tricarbonylchromium(0), 77, carried out by Natta in 1958.79 
Cr
I 
CO 
OC 
77 
Since this time, an extensive amount of research into these complexes has been 
undertaken." The complexes are usually synthesised by reaction of the chosen arene 
with Cr(CO)6 in a suitable solvent system, under reflux, for a period of days.81 The 
solvent system is usually butyl ether and THF in a 10:1 ratio. The butyl ether allows 
heating at a greater temperature than most other solvents and the THF counteracts 
sublimation of the Cr(CO)6 in the condenser, as well as allowing the reactive 
intermediate Cr(CO)3(THF)3 to form. However, sometimes these conditions are not 
suitable and complexation agents such as Cr(CO)3(MeCN)3, Cr(CO)3(Py)3, 
Cr(CO)3(NH3)3, or Cr(CO)3(naphthalene)3, are used to facilitate complexation under 
milder conditions.81' 82 There has also been research into the use of microwave energy 
in the complexation reaction.82 The decomplexation of (arene)tricarbonylchromium(0) 
complexes is more straightforward. The complexes can be left to stir in air and 
sunlight, and decomplexation will take place. However, this can be a slow process and 
cerium ammonium nitrate may be used as an oxidising agent to remove the chromium 
tricarbonyl moiety more rapidly.83  
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1,1 
CO 
OC 
78 
A feature of these molecules that renders them attractive in the area of asymmetric 
synthesis is their ability to form planar chiral molecules. All ortho- and meta- di-
substituted complexes, where the substituents are different, are non-superimposible 
upon their mirror image, and are planar chiral as illustrated by 78. 
1.2.1.1 Altered Reactivity of the Arene 
The reason arene chromium tricarbonyl complexes have become so popular since 
their first synthesis is due to the enhanced reactivity and selectivity of the arene that 
has been complexed 79.84 - 87 
Enhanced susceptibility 
to nucleophilic attack 
Increased benzylic acidity 
Increased acidity 
X 	Increased 
Steric OC" CO hindrance 	OC 
leaving group ability 
79 
The electron withdrawing effect of the chromium moiety increases the acidity of the 
aromatic and benzylic protons by allowing the resulting carbanions to be delocalised 
onto the chromium. This is not favoured in a non-complexed arene, as it requires 
significantly more energy to break the aromaticity of the ring. Another result of the 
electron withdrawing effect of the chromium is enhanced susceptibility to 
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Scheme 22 
CN 
\rs., 
OC‘ A
C 
 CO 
CO 
%CR. 
OC'
N 
 A CO 
CO 
nucleophilic attack (Scheme 22). It is also of note that the leaving group ability of 
benzylic substituents is enhanced as the resulting carbocation is stabilised by the 
occupied d-orbitals of the chromium, which donate electron density directly into the 
vacant p-orbital of the benzylic carbon, 80. 
80 
1.2.2 Recent Developments in Arene Chromium Tricarbonyl Chemistry 
1.2.2.1 Arene Chromium Tricarbonyl Complexes in Radical Chemistry 
A significant area in which arene chromium tricarbonyl complexes are currently being 
utilised is that of radical chemistry which has been explored by the Merlic group.88-93  
In particular they have studied a SmI2 promoted spirocyclic lactone formation.88 The 
first reaction to be examined was based on complexed indanone 81 which reacted 
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71%, 100% de at spirocentre 
SmI2, 	CO2Me 
t-BuOH 
(Oc),ce 	 THF, rt 
81 
(OC)3Cr 
SmI2, 	CO2Me 
t-BuOH 
THF, rt 	 (OC)3Cr.. (OC)3Cr 
with 2.5 eq. SmI2 and 5 eq. methyl acrylate, in the presence of t-BuOH to give 
spirolactone 82 with perfect control of relative stereochemistry. Methyl methacrylate 
and methyl crotonoate were also used as radical traps in the same reaction (Scheme 
23). 
SmI2, 
 
 
t-BuOH 
THF, rt 
 
(oc)3cf (OC)3Cr 
 
81 
	 82 
71%, 100% de 
Cie 
(OC)3Cr`   
SmI2, 
CO2Me 
 
t-BuOH 
THF, rt 
 
(0C)3Ce 
81 	
41%, 100% de at spirocentre 
Scheme 23 
The same reaction was then performed on a number of other carbonyls adjacent to a 
complexed arene (Scheme 24). Again, the selectivities of the reactions were excellent, 
all exhibiting 100% diastereomeric excess (de), showing what a strong directing effect 
the chromium tricarbonyl unit has on the selectivity of these reactions. 
82%, 100% de 
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t-BuOH 
THF, rt 
Sm12, 
(0C)3Ce (Oc)3ce 
57%, 100% de 
SmI2, 	CO2Me 
t-BLJOH 
THF, rt (0C)3C( (Oc)3ce 
33%, 100% de 
H 
Sm12, 'CO2Me 
 
t-BuOH 
THF, rt 
77%, 100% de 
Sm12, 
 
0 
0 
(0C)3Ce 
 
t-BuOH 
THF, rt 
83%, 100% de 
Scheme 24 
The Uemura group has also used arene chromium tricarbonyl complexes in 
samarium(II) diiodide promoted radical reactions.94 99 In particular, they carried out a 
coupling reaction using racemic benzaldehydes and SmI2 in THF.94 Decomplexation 
with 12 in DCM gave threo- and erythro- pinacols, in different ratios according to the 
benzaldehyde used (Scheme 25). 
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NHBn 
llos.• 
OMe 	 OMe 
Cr(CO)3 Cr(CO)3 
2 : 1 
1) Sm12, THE 
2)12, DCM 
 
Benzaldehyde Temp 
('C) 
Additive Coupling 
Yield (%) 
Decomplexation 
Yield (%) 
Ratio 
A : B 
R1 = R2 = H -78 none 78 92 91:9 
R1 = Me, R2 = H -78 none 85 91 95:5 
RI = Me, R2 = H 0 none 83 91 95:5 
R1 = Me, R2 = H 0 HMPA 80 85 20:80 
R1 = H, R2 = Me 0 none 78 93 98:2 
RI = H, R2 = OMe 0 none 73 91 91:9 
Scheme 25 
Another research group in this field is that of Schmalz.10°  104 One example of his 
group's work is the radical cyclisation of ketimines, such as 83 and 84 (Schemes 26 
and 27, respectively).103 The cyclisations were efficient and showed some selectivity, 
and it was hoped that this methodology could be utilised in the total synthesis of 
potent antimalarial diterpene isonitriles, such as 85 (Scheme 28). 
H2NCH2Ph 
	
i CI OMe 	Alox B 92% 	00 OMe \ OMe 	 \ OMe 
Cr(CO)3 Cr(CO)3  
83 
Scheme 26 
28 
Sm12, H2O 
THF, HMPA 
94% 
TMS 
OMe 
\OMe 
TMS Cr(C0)3 
	> 
OMe 
84 
1) SmI2, H2O, THF/HMPA 
2) NaHCO3 
75% 
Scheme 27 
85 
NHBn 
1) n-BuLi, THF/HMPA 
2) CH2=C(CH3)CH2Br 
94% 
	 ON- 
1) n-BuLi, THF/HMPA 
2) CH2=C(TMS)C(0)CH3 
3) HCI 
4) TBAF 
68% 
PhCH2NH2, Alox B 
benzene 
85% 
Scheme 28 
1.2.2.2 Arene Chromium Tricarbonyl Chemistry Directed Towards Total Synthesis 
The enhanced reactivity and selectivity of arene chromium tricarbonyl complexes has 
made them attractive as building blocks in the synthesis of new molecules. Pearson 
has used such a complex in the start of the synthesis of (±)-erythro Juvabione 86.105 
The synthetic step it controlled was a one-pot dearomatisation involving a 
nucleophilic addition, electrophilic addition and decomplexation. This led to the 
production of intermediate 87, which was made very selectively with a meta:ortho 
29 
(OC)3Cr- 
1) LDA, tent-butyl propanoate 
2) HMPA 
3) TFA 
4) NH4OH 
92% 
OCH3 
TMS 
o'7 
H 
TMS 
87 
OCH3 
O 
(with respect to the 00-13 group) ratio of 96:4. This intermediate could then be taken 
on to synthesise the desired molecule 86 (Scheme 29). 
10 steps 
86 
Scheme 29 
Other targets that have been reached using a chromium tricarbonyl moiety to enhance 
both the reactivity and selectivity of a system are the tricyclic 13-lactams synthesised 
by Del Buttero (Scheme 30).106 A complexed imine 88 was subjected to a [2+2] 
cycloaddition with acetoxyacetyl chloride to produce cis 0-lactam 89. This was then 
reacted with hydrazine monohydrate in methanol to give cis 3-hydroxy 13-lactam 90. 
An intramolecular cyclisation was then carried out by reaction with sodium hydride at 
room temperature. The resulting tricyclic complex 91 was then decomplexed by 
exposure to air and sunlight, to afford the desired tricyclic 13-lactam 92 in 98% yield 
and greater than 98% ee. 
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F c N-PMP 
I 
Cr(CO)3 
88 
AcOCH2COCI 
Et3N/DCM 
94%, > 98% de 
Cr(CO)3  
F..,....,;(,--, ...,,i1 
	
Ac0., 	„,‘ `---,,z.,. -=)  
I 
-1‘1, 
0 	PMP 
89 
Ns 
PMP 
90 
N2H4 
Et0H 85% 
NaH 
DME 	 F .  
-.4 	  HO/,. 	 „‘ '-.., 
50%, > 98% de 
Cr(CO)3  
Cr(CO)3  
air 
hv 98%, > 98% ee 
  
r 
92 
Scheme 30 
Moser has developed a [3 + 2] annulation, comprising of an aldol/Brook 
rearrangement/cyclisation sequence, that takes advantage of the properties bestowed 
upon an arene by the addition of a chromium tricarbonyl moiety)" This has then 
been used to synthesise spirocyclic molecules, which are related to Fredericamycin A 
93. 
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EX 
Cr(C0)3 
s\I-1 
OSiMe3 
Li 
Brook Rearrangement 
H3CO 
93 
Earlier work by Moser investigated the bis-functionalisation of arene chromium 
tricarbonyl complexes, which was achieved by the nucleophilic addition of an 
organolithium reagent to a complexed, silylated benzaldehyde, followed by a Brook 
rearrangement. This was then followed by alkylation of the resulting lithiated species 
(Scheme 31).108  
s\I-1 
0 	 OSiMe3 
SiMe3 	 Am- 	 E 
Cr(C0)3 	 Cr(CO)3 
MeLi 
Me ss1-1 
OLi 
SiMe3 
Cr(CO)3 
EX Yield (%) 
allyl bromide 58 
benzyl bromide 52 
methyl iodide 65 
formaldehyde 72 
benzophenone 77 
diphenyl disulfide 83 
1,2-dibromo-tetrafluoroethane 66 
Scheme 31 
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OCH3 
Me3SiO H 
94 
68% 	(0C)3C( 
	
0 
95 
hv, Et20 
The methodology has now been used to produce spirocyclic diones which have the 
potential to make up the B, C, D, and E rings of Fredericamycin A 93.107 The 
complexed ortho-trimethylsilyl benzaldehyde was reacted with bicyclic organolithium 
species 94 to form the spirocycle 95. The product was then decomplexed using light, 
the TMS group removed, and the resulting alcohol oxidised with PCC to produce the 
desired dione 96 (Scheme 32). 
H 
0 
SiMe3  
Cr(C0)3  
62% over 3 steps 
96 
Scheme 32 
1.2.2.3 Arene Chromium Tricarbonyl Complexes in Catalysis 
Arene chromium tricarbonyl complexes have not just been used during synthesis and 
then removed to reveal a final product. Due to the development of several routes to 
enantiomerically pure planar chiral complexes, a lot of interest has been generated in 
the use of these molecules as chiral ligands in asymmetric catalytic processes. An 
example of this is the ligands synthesised by Jones for use in the asymmetric 
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1) 
X 
H3C., 
HPh2P _I 
urs, 
OC's
\ 
 I ''CO OC 
A X = 0 
BX=S 
hydrosilylation of an alkene.109 The phosphine ligands shown below (Scheme 33) 
were assayed in the asymmetric hydrosilylation of styrene, with different palladium 
catalysts. Several of the results were promising, with quite a few of the catalysts 
achieving selectivities of 87% ee, and one catalyst achieving a result of 92% ee. 
OH 
HSiCI3, 0.25 mol% Pd cat. 
2) KF/MeOH, then H202 
Ligand Pd Species Temp (°C) ee (%) 
A PdBr(C3H5) -40 87 
B PdC12 -40 87 
B PdC12 -50 87 
B PdBr(C3H5) -50 92 
Scheme 33 
A second set of chiral arene chromium tricarbonyl based ligands, which has seen a lot 
of utilisation in asymmetric reactions is the Daniphos group of ligands as represented 
by 97. These ligands were developed by Salzer, who used them in a number of 
asymmetric catalytic processes including hydrogenation (Scheme 34),110 - 115 
hydroamination115 and asymmetric ring opening reactions.116 
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0.1 mol% [RhNBDC1i2 
0.2 mol% 
I PR ,,CrN  2  
OC. 	CO 
OC 
1COOR" 
Ph 	NHCOMe 
97 
1.5 bar H2, THF, 25 °C 
PR'2 
COOK" 
/-7( Ph NHCOMe 
R R' R" ee (%) 
Ph Cy Me 82 (R) 
Ph Cy H 66 (R) 
Cy Ph H 31 (5) 
Ph t-Bu Me 7 (S) 
Ph t-Bu H 7 (S) 
Scheme 34 
1.3 Conclusion 
The chemistries of chiral bases and arene tricarbonyl chromium complexes continue 
to attract attention, leading to the development of new synthetic methodologies and 
their employment in total synthesis projects and catalyst development. The focus of 
this thesis is the development of new reactions involving chiral bases and arene 
tricarbonyl chromium complexes. 
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Chapter Two 
Results and Discussion 
Benzyl Phosphines 
OR 	 O SR 
(0C)3Cr 	 (0C)3Cr 
Scheme 35 
NR2 
2.1 	Previous Work 
Previously in the Gibson group, work has been undertaken to create a range of arene 
chromium tricarbonyl complexes with various heteroatoms in the benzylic position. 
This led to the production of a series of complexed benzyl ethers, benzyl sulfides and 
benzyl amines (Scheme 35). The purpose of creating this group was to investigate the 
possibility of asymmetrically functionalising the benzylic position with a chiral base, 
allowing access to a range of synthetically useful optically pure molecules. 
2.1.1 Benzyl Ethers 
The first set of complexes to be studied were benzyl ethers.117 These were prepared by 
reacting hexacarbonylchromium(0) with benzyl alcohol to produce (benzyl 
alcohol)tricarbonylchromium(0). This was then converted to the desired benzyl ether 
either by treatment with acidic methanol to give the methyl ether 98, or by 
deprotonating with NaH and quenching with benzyl bromide to give the benzyl ether 
99. These compounds were subjected to an asymmetric deprotonation using the 
dilithium amide chiral base (+)-23 and the resulting carbanion was quenched with 
either methyl iodide or diphenyl disulfide to generate the results shown (Scheme 36). 
37 
  
1) Ph Ph 
NLi 
Ph 	 Ph 
(+)-23 
R' 
 
OR OR 
 
2) electrophile 
 
 
(0C)3Ce:  
 
Ether R Electrophile R' Yield (%) ee (%) 
98 Me methyl iodide Me 96 97 
98 Me diphenyl disulfide SPh 86 97 
99 Bn methyl iodide Me 89 >99 
99 Bn diphenyl disulfide SPh 95 99 
Scheme 36 
The results obtained led to this methodology being applied to analogous molecules 
with different heteroatoms attached to the benzylic position. The next group to be 
studied was the benzyl sulfides. 
2.1.2 Benzyl Sulfides 
The benzyl sulfides reported previously118 were synthesised by reaction of the (benzyl 
alcohol)tricarbonylchromium(0) complex with HBF4.0Me2 and the appropriate 
thio1.119 When the required benzyl thioether had been synthesised, it was subjected to 
an asymmetric deprotonation/electrophilic quench sequence analogous to the one 
applied to the benzyl ethers (Scheme 37). 
 
1) Ph Ph 
Ph 	 Ph 
(+)-23 
 
R' 
 
SR Ps- SR 
   
 
2) electrophile 
  
  
(0C)3Cr:  
 
R Electrophile R' Yield (%) ee (%) 
Me PhCH2Br CH2Ph 91 88 
Me Me3SiC1 SiMe3  62 89 
Me C11H9Br C111-19 93 88 
38 
Et C11H9Br C11H9 88 80 
13u C11H9Br C11H9  45 20 
CH2Ph C11H9Br C11H9  83 91 
Scheme 37 
Although these results were not quite as impressive as those produced in the benzyl 
ether study, they highlighted the importance of the substituents on the sulfur atom. 
2.1.3 Benzyl Amines 
The next group studied were benzyl amines.120 Initial studies found that when the 
direct analogue of the previous molecules, the N,N-dimethylbenzylamine complex, 
was subjected to the same asymmetric deprotonation/electrophilic quench sequence as 
before, no reaction occurred. Greater activation was therefore required to promote this 
reaction sequence. The class of compounds that proved to be the most successful were 
the benzyl imine complexes. A number of these complexes were prepared by 
condensation of an aldehyde with the chromium tricarbonyl complex of benzyl amine. 
When complexed imine 100 was deprotonated with dilithium amide (+)-23 and 
quenched with Me3SiC1 the desired molecule was produced with a good yield and 
good enantioselectivity. 
1) Ph Ph 
')--NLi LiN4 	 SiMe3 
t 	
Ph 	Ph (4)-23 	 t N----.'''. Bu ---- N.-- Bu 
2) Me3SiCI 
(0C)3Cr 	 (0C)3Cr:  
89%, 87% ee 
100 
39 
tBu 
(0C)3Cr 
Unfortunately, when methyl iodide was used as the electrophile the elaborated imine 
was readily hydrolysed during column chromatography and direct measurement of 
enantiomeric excess could not be achieved. The solution to this problem was to 
hydrolyse the imine and protect the resulting amine with a Cbz group, thus facilitating 
chiral HPLC analysis. The results are shown below (Scheme 39). 
1) Ph Ph 
LiN4 
Ph 	 Ph 
(+)-23 )1. NHCbz 
2) Mel 
3) aq. HCI, Me0H 
4) K2CO3, PhCH2OCOCI 
 
 
(0C)3Ci 
 
R Yield (%) ee (%) 
`13u 69 81 
Ph 69 55 
p-C6H4NMe2 61 80 
Scheme 39 
2.2 	Creation of a Phosphorus Analogue 
Analysis of the previous research led to the idea that it could be possible to create a 
phosphine analogue of the molecules presented in Scheme 35. The planned target 
molecule that was deemed to be a suitable analogue was phosphine 101. 
PPh2 
101 
The proposed synthesis of this phosphine started from commercially available 4-tert-
butyl-benzyl alcohol. The first step would involve complexation of the alcohol using 
Cr(CO)6. The alcohol was then to be converted into a suitable leaving group, and the 
40 
98% 
OH OH 
Cr(CO)6  
n-Bu20:THF (5:1) 
135 °C, 48 h 
tBu / 
(OC)3Cr 
102 
resulting compound was to be subjected to a nucleophilic attack with an appropriate 
phosphorus containing nucleophile. 
2.2.1 Synthesis of the Phosphorus Analogue 
The complexation of the 4-tent-butyl-benzyl alcohol was carried out with Cr(CO)6 in a 
solvent system containing n-Bu20 and THF, in a ratio of 5:1. It was found that the 
standard ratio of 10:1 quoted in most complexation conditions did not sufficiently 
prevent sublimation of the Cr(CO)6, and its subsequent condensation around the 
bottom of the water condenser. The reaction mixture was prepared to ensure the 
complete absence of air and water inside the apparatus, thus preventing the oxidation 
of the chromium. It was then heated to a temperature of 135 °C and stirred for 48 
hours. After this time, the reaction mixture was allowed to cool to room temperature, 
the solvents were removed under reduced pressure and the desired benzyl alcohol 
complex 102 was purified by column chromatography. The NMR spectroscopy and 
mass spectrometry data compared satisfactorily with literature data.22 
The next step was to create a suitable leaving group and replace this with an 
appropriate nucleophile. The leaving group chosen was a bromide group. This was 
introduced using a known reaction121 whereby the complexed alcohol 102 was reacted 
with BBr3 in DCM for 1 hour at -78 °C. This led to the production of the desired 
bromide 103 in quantitative yield, after simple filtration of the reaction mixture and 
41 
BBr3 
DCM 
-78 °C, 1 h OH 
tBu / 
(OC)3Cr 
102 
99% 
38% 
tBu / 
(OC)3Cr 
103 
LiPPh2  
THF 
rt, 18 h 
PPh2 
tBu / 
(OC)3Cr 
101 
subsequent removal of DCM under reduced pressure. The novel bromide was 
characterised by NMR spectroscopy and mass spectrometry. Subjection of this 
bromide to nucleophilic attack with lithium diphenylphosphide led to the production 
of the desired target molecule 101, albeit in quite a disappointing yield. The novel 
phosphine was characterised by NMR spectroscopy, mass spectrometry and elemental 
analysis. 
a) BBr3, DCM 
-78 °C, 1 h 
b) LiPPh2, THF 
rt, 18 h 
75% 
The reason for the poor yield of 101 was assumed to be due to the instability of the 
bromide 103. This had been kept under nitrogen and in the freezer between reactions, 
but it was noted that the compound became green after a couple of weeks indicating 
quite advanced decomplexation. Therefore, it was thought that sufficient 
decomplexation could have taken place in the day between the bromination reaction 
and the subsequent nucleophilic attack to affect the efficiency of the latter reaction. It 
was thus decided to carry out the second reaction immediately after the bromination. 
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The bromination reaction was carried out as described above, except the final solution 
containing 103 that had been extracted from the quenched reaction mixture, was 
filtered through celite into a Schlenk tube for the next reaction. The solvent was 
removed in this Schlenk tube under reduced pressure, leaving the solid bromide 
product 103 in the bottom of the vessel. The reaction vessel was purged with N2 to 
ensure that the atmosphere was inert. Then the tube was charged with THF, followed 
by LiPPh2 (0.5M in THF), and the resulting mixture was stirred at room temperature 
for 18 hours. This led to a much-improved yield of 75% over the two steps. 
2.2.2 Synthesis of the Chiral Base (+)-23 
Before the phosphine 101 could be asymmetrically deprotonated, the chiral base (+)-
23 had to be synthesised. Synthesis of the chiral base began with the production of 
diimine (+)-26 by condensation of glyoxal 25 with two equivalents of (R)-(+)-a-
methylbenzylamine (+)-24.122 This reaction took place in DCM at room temperature 
over a period of 30 minutes. The addition of a catalytic amount of formic acid 
initiated the reaction. This led to the synthesis of diimine (+)-26 in quantitative yield. 
The next stage was the Grignard addition of phenylmagnesium bromide, to produce 
diamine (+)-27.14 The diimine (+)-26 was stirred over molecular sieves prior to the 
Grignard addition. This was filtered, the solvent was removed under reduced pressure 
and the resulting brown oil was dissolved in freshly opened diethyl ether. This was 
placed under an inert atmosphere of nitrogen, and the reaction vessel was cooled in a 
cardice/acetone bath to a temperature of -78 °C. The reaction was then stirred at this 
temperature while the phenylmagnesium bromide was injected into the mixture, with 
the aid of a syringe pump, over a period of 2 hours. When the addition was complete, 
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the reaction was warmed to room temperature and left to stir under an inert 
atmosphere for a period of 18 hours. Subsequent column chromatography and 
recrystallisation afforded the desired diamine product (+)-27 in 23% yield. The 
lithiated diamide (+)-23 was then generated in situ with two equivalents of n-BuLi. 
formic acid, MgSO4, 
DCM 2.0 eq. 	 rt, 30 min 
+ 	,;.....--0  	)—Ni  \ N4 Ph NH2 0 
99% 	 Ph 	Ph 
(+)-24 	25 	 (+)-26 
3.4 eq. PhMgBr 
Et20 
-78 °C, 2 h 
rt, 18 h 
Ph Ph 
.;- 
NLi LiN— 
Ph 	Ph 
(+)-23 
n-BuLi 
in situ 
Ph ph 
)--NI-1 HNC' 
Ph 	Ph 
(+)-27 
 
2.2.3 Asymmetric Deprotonation of the Phosphine 
The next step was to see if it was possible to asymmetrically deprotonate the 
synthesised phosphine 101 and create an enantiomerically pure molecule. The 
phosphine was treated with the chiral base (+)-23, using the same standard conditions 
and procedure that had been used for the oxygen, sulfur and nitrogen analogues. The 
standard procedure was to dissolve diamine (+)-27 in distilled THF under an inert 
atmosphere. This was then cooled to -78 °C before the addition of two equivalents of 
n-BuLi, after which the reaction was allowed to warm to room temperature over 30 
min. The reaction mixture was then re-cooled to -78 °C before the introduction, via a 
cannula, of heat gun dried LiC1, which had been prepared as its THF solution. After a 
period of five minutes, a THF solution of the substrate, pre-cooled to -78 °C, was 
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23% 
PPh2  
tBu / 
(OC)3Cr 
101 
BH3.THF 
THF 
rt, 5 h PPh2  
tBu / 
(OC)3Cr 
101 
65% 
introduced to the reaction mixture and the stirring was continued at -78 °C. In the case 
of the phosphine, this was for one hour (Scheme 40). Then the desired electrophile, 
methyl iodide in this case, was injected into the reaction mixture and the reaction was 
stirred until it was deemed complete by TLC. Unfortunately, several attempts at this 
reaction were unsuccessful and only afforded decomposition products (Scheme 40). 
1) 	Ph 	Ph 
\ )----\' , 
2—NU LiN--S 
Ph 	Ph 
(+)-23 
LiCI, THF 
-78 °C, 1 h 
2) Mel, -78 °C, 1 h 
Scheme 40 
PPh2  
It was thus decided to protect the phosphine and see if this allowed the desired 
deprotonation to take place. Protection was carried out by reaction of the phosphine 
101 with borane-THF complex in THF at room temperature for 5 hours.123 After this 
time the solvents were removed in vacuo and the residue was subjected to flash 
column chromatography. This led to the isolation of the desired novel phosphine-
boron complex 104, which was then characterised by NMR spectroscopy, mass 
spectrometry and elemental analysis. 
PPh2 
tBu / 	BH3  
(OC)3Cr 
104 
Disappointingly, attempts to asymmetrically deprotonate 104 with chiral base (+)-23 
only afforded starting material and decomposition products. 
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2.3 	Conclusion 
A new method for generating monophosphines based on an arene chromium 
tricarbonyl core has been described. The planned asymmetric functionalisation of this 
molecule did not succeed, but there is potential to alter the structure in order to create 
a new series of optically pure monophosphines. A different protecting group could be 
used for the phosphine, or alterations could be made to the arene, prior to 
bromination, in order to install chirality into the molecule at an earlier stage. 
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Chapter Three 
Results and Discussion 
Monophosphine Complexes 
3.1 Background 
3.1.1 Monophosphine Ligands in Catalysis 
There has been much interest in the use of chiral tertiary phosphines since the 
pioneering work of Knowles124 and Horner125 in the latter part of the 1960's. The 
main focus of this work has been the use of chiral diphosphines, such as DIOP 105,126 
Chiraphos 106,127 BINAP 107,128 and Duphos 108.129 
\/0--PPh2 
r pph 
H 	2  PPh2 
PPh2  
PPh2  
105 	 106 	 107 
	
108 
Diphosphines such as these have proved to be the most successful ligands in a wide 
range of reactions;130 however, it has been found that they are unsuitable for some 
processes which require one of the coordinating sites on the ligand to be hemi-labile 
during certain stages of the catalytic cycle. These cases have driven the need for the 
development of new chiral monophosphine ligand candidates. Examples of these 
reactions include the palladium catalysed asymmetric allylic alkylation reactions, 
reported by Hayashi. In these reactions two monophosphines, (S)-Ph-phox 109131 and 
the norbornene-based phosphine-olefin 110,132 are shown to afford the desired 
product with excellent selectivity (Scheme 41). 
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1 mol% 
[PdC1(7c-C3H5)]2 
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Me02C CO2Me 
3.0 equiv. 
--IN
OAc 
-----... Ph.  	Ph 
1.0 equiv. 
Ph 
110 
3 mol% 
[PdCI(7r-C3H5)]2 
3 mol% 
KOAc, 6 mol%; BSA, 3 equiv. 
DCM, rt, 14 h 	lon  
87%, 96% ee 
Me02C CO2Me 
Ph ----, 'Ph 
Scheme 41 
There has also been a number of different asymmetric catalytic reactions carried out, 
very successfully, using monophosphines attached to a ferrocenyl core. One class of 
reactions in which these phosphines have been used are the asymmetric cross-
coupling reactions. One successful ferrocenyl monophosphine ligand to be used in 
these reactions is (R)-(5)-PPFA 111, as shown below (Scheme 42).133,134 
cszz.
4z. 
 Me  
PPh2 
..1.-NMe2 
Fe 
111 
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PdCl2[(R)-(S)-PPFA (111)] 
R'Si 	 0.5 mol% 
Br
„----:-„,,.... R 	  )—MW( + 
Ph 
R'Si 	R 
Ph 
R R' X Yield (%) ee (%) 
H Me3  Br 42 95 (R) 
Me Me3  Br 77 85 (R) 
Ph Me3  Br 93 95 (R) 
H Me3  Cl 78 71 (5) 
Me PhMe2 Cl 92 68 (5) 
Ph Eta Cl 88 93 (S) 
Scheme 42 
In addition, an oxygen analogue of (R)-(S)-PPFA 111, shown here in its pseudo-
enantiomeric form (S)-(R)-PPFOMe 112, is known. 
Me 
Me0 fl- 
Ph2P Fe 
112 
This has also been used successfully as a ligand in asymmetric cross-coupling 
reactions. One example is the cross-coupling of naphthyl Grignards to naphthyl 
halides, to produce enantiomerically enriched binaphthyl molecules;135 whilst a 
second example is the same reaction, but using a naphthyl dihalide to lead to the 
production of enantiomerically pure ternaphthylenes (Scheme 43).136 
NiBr2/112 
diethyl ether/toluene 
 
R R' X NiBr2/112 (mol%) Temp (°C) Time (h) Yield (%) ee (%) 
Me Me Br 5 -15 92 69 95 
Me H Br 2 -30 96 92 83 
Me H Cl 2 -10 48 40 83 
Et H Br 5 -20 95 85 77 
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NiBr2/112 
2 mol% 
diethyl ether/toluene 
-10 °C, 59 h 
74% 
NiBr2/112 
2 mol% 
diethyl ether/toluene 
-10 °C, 42 h  
00' 
89% 
(R,R) 
	
84 : 16 	meso 
99% ee 
(R, R) 
	
86 : 14 	meso 
95% ee 
Scheme 43 
Another class of monophosphine ligands, which has proved to be one of the most 
successful to date, is the MOP ligand 113,137 first reported by Hayashi in 1991.138 
113a: R = OMe 
113b: R = O'Pr 
113c: R = OCH2Ph 
113d: R = Et 
113 
 
A feature that has helped this class of molecule flourish as a ligand in asymmetric 
catalysis is its versatility and the ease with which the R group on 113 can be changed 
to create a series of axially chiral monophosphines. The MeO-MOP ligand, 113a, has 
proved to be perhaps the most versatile of the series finding use in a number of 
catalytic reactions,137 including asymmetric arylation of imines (Scheme 44).139 
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[PdC1(7c-C3H5)]2 (0.2  mol%) 
(S)-H-MOP 114 (1 mol%) 
HSiCI3 (120 mol%) 	/ 
RX \ 
	010- ‘,...„--(%, 
R 0 °C 
A 
114 
,SO2Ar2 
N 
,A 
Ar' H 
+ PhSnMe3  
Rh(acac)(C2H4)2 (3 mol%) 
113a (6 mol%) 
LiF, dioxane 
110 °C, 12 h 
,SO2Ar2 
HN 
,/ 
Ar' Ph 
 
Ari Are Yield (%) ee (%) 
4-C106H4 4-NO2C6H4 68 83 
4-FC6H4 4-NO2C6H4 61 90 
4-(CO2Me)C6H4 4-NO2C6H4 75 89 
4-CF3C6H4  4-NO2C6H4 82 92 
4-CF3C6H4 4-C106H4 66 87 
4-CF3C6H4 4-MeC6H4 64 75 
Scheme 44 
Another of the MOP-type ligands reported to have produced good results in catalysis 
is H-MOP 114, which has proved to be an excellent ligand in the asymmetric 
hydrosilylation of styrenes (Scheme 45).140 
KF, KHCO3  
H202 	 01-1 
	lis 
R
x 	 
> 90 °C 
B 
R Time (h) Yield A (%) ee B (%) 
H 12 100 93 
4-Me 15 94 89 
4-CF3  120 98 96 
3-Cl 36 68 95 
4-C1 120 80 94 
Scheme 45 
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3.1.2 The Catalytic Asymmetric Hydrosilylation Reaction 
The hydrosilylation reaction is the addition of a Si-H bond across a carbon multiple 
bond, such as C=C, C=C or C=O, and results in the formation of new carbon-silicon 
bonds. In the asymmetric version, a new chiral centre is formed non-racemically and 
this makes the reaction very valuable in organic synthesis. 
One way in which these new optically active silanes are commonly used involves 
oxidation to the corresponding alcohol. A very popular method used for this 
conversion is the Tamao-Kumada oxidation reaction,141 143 which leads to complete 
retention of the chiral centre and has no detrimental effect on the enantiopurity. This 
retention of stereochemistry can be explained by the mechanism for this reaction 
proposed by Tamao (Scheme 46).144 
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Although the catalytic asymmetric hydrosilylation has many potential uses in the 
asymmetric synthesis of organic molecules, when a test reaction is set up to assay a 
new catalyst or ligand it is important to use a suitable substrate. Styrene is commonly 
used as a test substrate in the palladium catalysed asymmetric hydrosilylation 
reaction, as there is only one product formed. This is the Markovnikov product, which 
will, after oxidation, lead to the generation of an enantiomerically enriched secondary 
alcohol. This is due to the formation of a benzyl-palladium intermediate, which only 
allows the palladium to insert the silane onto the benzylic position, therefore only 
generating the chiral silane (Scheme 46).145 
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Scheme 46 
To date there have been a number of good ligands identified for the asymmetric 
hydrosilylation reaction including the previously mentioned H-MOP 114, and the 
ferrocene based monophosphine p-MeO-Ph-MOPF 115, which led to the production 
of the chiral alcohol in the asymmetric hydrosilylation of styrene with 90% 
enantiomeric excess.146 However, the most successful ligand used so far in the 
asymmetric hydrosilylation of styrene is the phosphoramidite ligand 116 developed 
54 
(OC)3Cr 
OMe 
117 
by Feringa;147 - 148 this has produced a 100% conversion of the styrene into the desired 
silane, and has furnished, after oxidation, the chiral alcohol in 99% enantiomeric 
excess. 
OMe 
 
116 
3.2 	New Monophosphine Ligands 
3.2.1 Previous Work 
Prior to the research presented in this thesis taking place, work in the group had been 
directed towards the asymmetric deprotonation of the chromium tricarbonyl complex 
of 1,2-di(methoxymethyl)benzene 117, using the chiral base previously mentioned, 
(+)-23.149 These studies found that it was possible to carry out a 
deprotonation/electrophilic quench sequence leading to the creation of new planar 
chiral molecules with excellent enantioselectivity (Scheme 47). 
OMe  
1) 	Ph 	Ph 
.• 
)NLi LiN—( 
Ph 	 Ph 
(+)-23 
2) Mel 
99%, 99% ee 
Scheme 47 
OMe 
55 
Cr(CO)3 
119 
1) LiTMP 
2) CIPR'2  
r OMe 
Cr(CO)3 
120 
Other work in the group was focussed on the creation of new monophosphine ligands 
based on the chromium tricarbonyl complex of l -methoxymethy1-4-tert-butyl-
benzene 118.150 A range of these ligands were created using a standard procedure that 
proved to be very successful, allowing production of the desired molecules in high 
yields and with excellent enantioselectivity (Scheme 48). 
tBu<CID>—\ 
OMe 
Cr(CO)3 
118 
1) 	Ph 	Ph 
LiN—S 
Ph 	 Ph 
(+)-23 
2) RX 
	 tBuC=> 
OMe 
Product R Yield 119 (%) ee 119 (%) PR'2 Yield 120 (%) ee 120 (%) 
120a Me 90 96 PPh2 88 96 
120b Me 90 96 P'Pr2 75 95 
120c Bn 87 96 PPh2 82 96 
Scheme 48 
These ligands were then assayed in the asymmetric hydrosilylation reaction (Scheme 
49). The results indicated that monophosphines attached to an arene chromium 
tricarbonyl core showed potential as chiral ligands in the asymmetric hydrosilylation 
reaction. 
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pH 
Pd(COD)C12 (0.25 mol%) 
Ligand (0.50 mol%) 
HSiC13 (150 mol%) 
DCM, rt, 48 h 
KF, KHCO3, H202 
iC13 Me0H/THF, rt, 16 h 
121 
	
(+)-122 
	
(+)-123 
Ligand Yield (+)-122 (%) Yield (+)-123 (%) ee (+)-123 (%) 
120a 98 97 46 
120b 33 96 0 
120c 98 95 55 
Scheme 49 
The results generated by these two areas of research led to the idea of creating a series 
of new monophosphine ligands based on the chromium tricarbonyl complex of 1,2-
di(methoxymethyl)benzene 117. 
3.2.2 New Planar Chiral Monophosphines 
It was envisaged that a new range of monophosphine ligands, based on the chromium 
tricarbonyl complex of 1,2-di(methoxymethyl)benzene 117, could be synthesised by 
devising a suitable general procedure. The first step in the general protocol would be 
to synthesise the starting complex (1,2-benzenedimethanol)tricarbonylchromium(0) 
124. This was to be produced by complexation of 1,2-benzenedimethanol with 
chromium hexacarbonyl. The resulting diol then needed to be protected by conversion 
of the alcohols into ether groups to create the complexed diether 125. The next stage 
was to be the asymmetric deprotonation of 125 with chiral base, (+)-23, and the 
quenching of the resulting carbanion with an appropriate phosphine electrophile to 
produce the desired monophosphines 126 (Scheme 50). 
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3.2.3 Synthesis of New Planar Chiral Monophosphines 
The synthesis of the 1,2-benzenedimethanol complex 124 was carried out under 
standard conditions. That is to say, 1,2-benzene dimethanol was reacted with 
chromium hexacarbonyl in a 5:1 mixture of n-Bu20 and TI-IF at 140 °C for 48 hours. 
This led to the production of the desired product 124 in 95% yield, after column 
chromatography. The synthesis of diol 124 was confirmed by, amongst other 
techniques, NMR spectroscopy and mass spectrometry; the values recorded were then 
compared to known literature, values.151  
OH 
Th 
OH 
Cr(CO)6 
n-Bu20:THF (5:1) 
140 °C, 48 h 
OH 
95% 
 
OH 
124 
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OMe 
OMe 
117 
Me0H, H2SO4 
50 °C, 3 h 
99% 
OH 
(0C)3Cr 	
OH 
124 
(+)-129 
(0C)3Cr.  
Protection of the alcohol groups was carried out by heating the diol 124 in acidic 
methanol at 50 °C for three hours. After neutralising the reaction mixture, extracting 
the product and subsequently purifying the residue by flash column chromatography, 
the product 117 was isolated in 99% yield and identified by comparison of its NMR 
spectroscopy and mass spectrometry data to literature values.119 
With the required complex in hand it was now time to try the asymmetric 
deprotonation reaction and see if new phosphine molecules could be generated. The 
targets chosen for synthesis were the monophosphines (+)-127, (+)-128, and (+)-129. 
OMe 	 OMe 	 OMe 
cePPhr 2 	 PiPr2 
(OC)3Cr 	 (OC)3Cr 
OMe 	 OMe 
(+)-127 	 (+)-128 
Complex 117 was asymmetrically deprotonated with the chiral base (+)-23. After the 
chiral base (+)-23 had been generated from the precursor diamine (+)-27 and n-BuLi, 
the reaction was cooled to -78 °C, LiC1 was added to the reaction mixture and this was 
followed by the introduction of a pre-formed solution of 117 in THE via a cannula 
after a period of 5 minutes. The solution was stirred at -78 °C and deprotonation was 
allowed to take place over a period of one hour. After this time, the electrophile was 
added to the reaction mixture. The reaction was then monitored by TLC and was 
stopped, by addition of isopropanol, when the starting material was observed to have 
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OMe 
OMe 
117 
(OC)3Cr 
been consumed. The three phosphine electrophiles used were 
chlorodiphenylphosphine, 	di-tent-butylchlorophosphine 	and 	di-iso- 
propylchlorophosphine. Use of these electrophiles led to the production of the 
respective novel monophosphines (+)-127, (+)-128 and (+)-129 (Scheme 51). 
1) 	Ph 	Ph 
NLi 
)-( • 
LiN4 
Ph 	 Ph 
(+)-23 
LiCI, THE 
-78 °C, 30 min 
2) CIPR2 
OMe 
Monophosphine PR2 Yield (%) ee (%) 
(+)-127 PPh2 99 99 
(+)-128 P'Pr2 69 99 
(+)-129 1313u2 68 99 
Scheme 51 
In order to determine the enantiomeric excesses in which these monophosphines had 
been produced it was necessary to synthesise the racemic mixture of these molecules 
for HPLC analysis. This was done by deprotonating the complex 117 with t-BuLi and 
quenching the resulting carbanion with the appropriate electrophile (Scheme 52). 
OMe 1) t-BuLi, THE 
-78 °C, 1.5 h 
OMe 
2) CIPR2  
OMe 
 
117 
Monophosphine PR2 Yield (%) 
(±)-127 PPh2 83 
(±)-128 P'Pr2 75 
(±)-129 13`13u2  64 
Scheme 52 
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Pd(COD)C12 (0.25 mol%) 
Ligand (0.50 mol%) 
HSiCI3 (150 mol%) 
DCM, rt, 48 h 
KF, KHCO3, H202 
$iC13 Me0H/THF, rt, 16 h OH 
With the desired phosphines now ready, it was time to assay them as chiral ligands in 
the asymmetric hydrosilylation reaction. 
3.2.4 Hydrosilylation Results 
The asymmetric hydrosilylation reaction was performed according to a procedure 
used previously in the group, which had evolved from established protocols.15° The 
catalyst used was Pd(COD)C12, and this was pre-mixed in a 1:2 ratio with the chosen 
monophosphine in freshly distilled DCM at room temperature. After stirring for 1 
min, styrene 121 was injected into the reaction mixture. Stirring was continued for a 
further 15 min before trichlorosilane was injected into the reaction. The reaction was 
then left to stir at room temperature under an inert atmosphere and in the absence of 
light for 48 hours. After this time, the solvent was removed by rotary evaporation and 
the silane product (+)-122 was purified by Kugelrohr distillation. The silane was then 
oxidised to the desired alcohol (+)-123 by way of a Tamao-Kumada oxidation.141 - 143 
This procedure involved the stirring of the silane (+)-122 in a suspension of KF and 
K2CO3, in a 1:1 mixture of Me0H and THF, at room temperature, for 15 minutes. 
After this time, H202 was added into the reaction vessel and the reaction mixture was 
stirred at room temperature for a period of 16 hours. This led to the production of the 
desired chiral alcohol (+)-123 in various yields (Scheme 53). 
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121 	 (+)-122 
	
(+)-123 
Monophosphine Yield (+)-122 (%) Yield (+)-123 (%) ee (+)-123 (%) 
(+)-127 99 89 45 
(+)-128 55 80 2 
(+)-129 35 68 4 
Scheme 53 
Although the selectivity of the arylphosphine (+)-127 was not particularly high, it did 
show potential for further investigations. However, the results for the alkylphosphines 
were very disappointing, and showed little potential for further study. It was therefore 
decided to abandon the studies into the di-tert-butyl and di-iso-propyl phosphines, and 
instead just concentrate on generating a series of molecules based on the 
diphenylphosphine group. 
3.2.5 Modification of Monophosphines 
There were two simple ways in which to modify the diphenylphosphine ligand (+)-
127. Either the ether group could be changed, or another substituent could be 
introduced onto the second benzylic position. 
The first modification undertaken was to change the ether group, and to use a benzyl 
instead of a methyl group. This was achieved by stirring diol 124 in acidic benzyl 
alcohol, at room temperature, for 18 hours. The reaction was then neutralised, the 
product was extracted from the aqueous layer and the remaining solvents were 
removed by rotary evaporation. Flash column chromatography led to the isolation of 
a single product that was identified by NMR spectroscopy and mass spectrometry to 
be the desired novel dibenzyl ether 130. 
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(0C)3Cr 
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130 
PPh2 
OBn 
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With this new diether in place, the next phosphine was synthesised by asymmetrically 
deprotonating 130 with chiral base (+)-23, and subjecting the resulting carbanion to 
an electrophilic quench with chlorodiphenylphosphine. This led to the isolation, after 
chromatography, of the desired product (+)-131, which was characterised using 
standard analytical techniques including NMR spectroscopy and mass spectrometry. 
The racemic version, for HPLC analysis, was synthesised in the same fashion as the 
previous procedure, except t-BuLi was used instead of (+)-23 for the deprotonation. 
OBn 
1) Ph 	Ph 
)—NLi 
Ph 	 Ph 
(+)-23 
LiCI, THE 
-78 °C, 30 min 
2) CIPPh2, -78 °C, 1 h 
91%, 97% ee 
OBn 
Introduction of a second substituent onto the opposite benzylic arm was also 
investigated as a part of the study described in Scheme 47. Deprotonation of the 
mono-methylated compound, followed by a methyl iodide quench had led to the 
production of the meso compound 132.152 
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2) Mel 
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The same approach was used to create another two novel monophosphines, although 
it was realised that t-BuLi could be used instead of the chiral base (+)-23, due to the 
proton on the same face as the chromium tricarbonyl moiety being unavailable for 
deprotonation for stereoelectronic reasons. The two candidates chosen to be 
synthesised were to contain a methyl group (-)-133 and a trimethylsilyl group (-)-134. 
OMe 
The monophosphine (+)-127 was deprotonated with t-BuLi at -40 °C for a period of 
90 minutes, and an appropriate electrophile was injected into the reaction mixture 
(Scheme 54). All the desired compounds were isolated, after flash column 
chromatography, and characterised by common analytical techniques including NMR 
spectroscopy, mass spectrometry and elemental analysis. 
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Pd(COD)C12 (0.25 mol%) 
Ligand (0.50 mol%) 
HSiCI3 (150 mol%) 
DCM, rt, 48 h 
KF, KHCO3, H202 
.SiCI3 MeOWTHF, rt, 16 h 
	01.." 
OH 
Monophosphine produced R Yield (%) ee (%) 
(-)-133 Me 79 99 
(-)-134 SiMe3  81 98 
Scheme 54 
To analyse (-)-133 and (-)-134 by HPLC and determine their enantiomeric excesses it 
was necessary to synthesise the racemic versions. This was done by reaction of the 
racemic phosphine (±)-127 with t-BuLi, and the appropriate electrophile under the 
same conditions as those described for the enantiomerically pure versions (Scheme 
54). These were then isolated by flash column chromatography and characterised by 
NMR spectroscopy and mass spectrometry, before being evaluated by HPLC analysis. 
3.2.6 Hydrosilylation Results 
The results of the hydrosilylation assay for the three new phosphines are shown 
below. 
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121 
	
(+)-122 	 (+)-123 
Monophosphine Yield (+)-122 (%) Yield (+)-123 (%) ee (+)-123 (%) 
(+)-131 79 79 33 
(-)-133 99 82 21 
(-)-134 97 85 10 
Pd(COD)C12 (0.25 mol%) 
Ligand (0.50 mol%) 
HSIC13 (150 mol%) 
DCM, rt, 48 h 
KF, KHCO3, H202 
,SiC13 Me0H/THF, it, 16 h PH 
The new benzyl ether compound (+)-131 produced a lower ee than the analogous 
methyl ether compound (+)-127. Therefore, it was decided to abandon investigations 
into changing the ether group and concentrate on the studies of complexes bearing a 
second group. 
The investigations into the effect of the substituent on the second benzylic position 
proved to be interesting, and led to new questions being raised about how the ligands 
operated during catalysis. It can be seen from the results that the enantioselectivity of 
the reaction is reduced as the size of the new group increases. It was known that the 
hydrosilylation reaction, catalysed by palladium, required the chiral ligand to contain 
a strongly coordinating heteroatom, such as the phosphorus, and a hemi-labile 
coordination point such as oxygen or nitrogen. It was assumed that the ether oxygen 
attached to the same benzylic position as the phosphine was not the hemi-labile 
heteroatom taking part in this reaction, as it is too close to the phosphorous. This 
hypothesis is supported by a previous ligand created in the group and its use in the 
hydrosilylation reaction (Scheme 55).15° 
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121 	 (+)-122 
	
(+)-123 
Ligand Yield (+)-122 (%) Yield (+)-123 (%) ee (+)-123 (%) 
PPh2 
OMe 83 96 1 
tBu<CD 
Cr(CO)3  
Scheme 55 
In this example, the ether oxygen is attached to the same benzylic position as the 
phosphine, analogous to the benzylic arm of the newly created phosphines, and the 
selectivity of the catalysis is low. Therefore, for the newly synthesised ligands, (-)-
133 and (-)-134, it is the ether oxygen, on the benzylic arm not bearing the phosphine, 
which acts as the hemi-labile coordinating atom during catalysis. This model is 
consistent with the finding that the selectivity of the catalytic reactions drops as the 
size of the new substituent increases. 
A further short study was then carried out to see if it would be possible to attach a 
group onto the second benzylic arm, which contained a suitable heteroatom that could 
aid catalysis. It was decided to use two different groups, one group containing oxygen 
and the other containing nitrogen. The proposed new molecules were the benzyl 
methyl ether containing phosphine (+)-136, and the methyl pyridine containing 
phosphine (+)-137. 
OMe 
cls;Ph2 	 O PPh2 
O.
Bn 
(0C)3Cr 	 (0C)3C1 
OMe OMe 
(+)-136 	 (+)-137 
The syntheses were carried out using the approach illustrated in Scheme 54. The 
enantiomerically pure phosphine (+)-127 was deprotonated with t-BuLi, and an 
appropriate electrophile was injected into the reaction mixture after 1.5 h. For the 
synthesis of (+)-136, benzyl chloromethyl ether was used, and for the synthesis of (+)-
137, 3-(bromomethyl)pyridine was used, which was prepared from 3-
(bromomethyl)pyridine hydrobromide by stirring with potassium carbonate. The 
reactions were then monitored by TLC and when all the starting material was deemed 
OMe 
N 
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(OC)3Cr 
PPh2 
OMe 
OMe 	 1) t-BuLi, THE 
-40 °C, 1.5 h 
2) RX (OC)3Cr 
OMe 
R 
PPh2  
OMe 
to have been consumed, the reactions were quenched and the products isolated by 
flash column chromatography. The novel phosphine complexes were then 
characterised using standard analytical techniques employed for the characterisation 
of previous novel molecules. The racemic versions of these molecules (±)-136 and 
(±)-137, prepared for HPLC analysis, were synthesised by reaction of the racemic 
phosphine (±)-127 with t-BuLi, followed by a quench with the appropriate 
electrophile (Scheme 56). 
(+)-127 
Starting Material Product R Yield (%) ee (%) 
(+)-127 (+)-136 1,.0 	101 58 97 
(+)-127 (+)-137 1 	N  82 98 
(±)-127 (±)-136 ,o 0 33 - 
(±)-127 (±)-137 I 	N  85 - 
Scheme 56 
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Pd(COD)C12 (0.25 mol%) 
Ligand (0.50 mol%) 
HSiCI3 (150 mol%) 
DCM, rt, 48 h 
KF, KHCO3, H202 
SiCI3 MeOWTHF, rt, 16 h 
: 
OH 
These novel phosphines were then assayed in the asymmetric hydrosilylation reaction. 
121 
	
(+)-122 	 (+)-123 
Monophosphine Yield (+)-122 (%) Yield (+)-123 (%) ee (+)-123 (%) 
(+)-136 39 72 13 
(+)-137 44 68 3 
Unfortunately, these results were a lot lower than anticipated, but they were consistent 
with the theory that the oxygen on the phosphine free arm was being impeded, as 
these were both big groups. Although they contained heteroatoms that might have 
acted as hemi-labile heteroatoms, the positioning of these atoms was obviously 
ineffective. 
3.3 Conclusion 
A new method has been developed for the synthesis of a new class of monophosphine 
ligands. It is unfortunate that the results of the hydrosilylation reactions proved to be 
lower than expected but further tuning of this system, with respect to heteroatom 
placement, may lead to greater enantioselectivity when these ligands are used in the 
asymmetric hydrosilylation reaction. Furthermore, the eight novel planar chiral 
monophosphines that have been synthesised in this study may well prove to be 
effective in other asymmetric catalytic reactions. 
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Chapter Four 
Results and Discussion 
C2-Symmetric Systems 
OMe 
(0C)3Cr. 	OMe 
)1. 
(0C)3Cr.  OMe 
4.1 	Previous Work 
Previous group work aimed at producing C2-symmetric systems based on arene 
chromium tricarbonyl complexes had focused on the chromium tricarbonyl complexes 
of para- and meta-di(methoxymethyl)benzene, 138 and 139 respectively.149 The 
asymmetric deprotonation of these two complexes with chiral base (+)-23, followed 
by a methyl iodide quench, led to the production of two novel C2-symmetric optically 
active complexes in good to excellent yields and with excellent enantioselectivity 
(Scheme 57). 
OMe 
(0C)3Cr 	OMe 
138 
1) 1.5 eq. 
Ph 	Ph 
)NLi 
Ph 	 Ph 
(+)-23 
2) Mel 
98%, 99% ee 
OMe 
(0C)3Cr 	OMe 
139 
1) 1.0 eq. 
Ph Ph 
\ )---
/----NLi LiN— 
Ph 	 Ph 
(+)-23 
2) Mel 
71%, 99% ee 
Scheme 57 
The production of these molecules inspired further research into the possibility of 
producing other enantiopure C2-symmetric chromium tricarbonyl complexes, with a 
view to using these compounds as synthetic building blocks or as potential ligands for 
use in asymmetric catalysis. 
71 
4.2 	New C2-Symmetric Systems 
4.2.1 C2-Symmetric Dicomplexed Ether 
The first target in the quest for a suitable C2-symmetric chromium tricarbonyl 
complex that could be asymmetrically functionalised was the dicomplex of dibenzyl 
ether 140. It was anticipated that the target molecule could be asymmetrically 
deprotonated using chiral base (+)-23. 
(0C)3Cr 	(0C)3Cr 
140 
4.2.1.1 Synthesis of the C2-symmetric Dicomplexed Ether 
The first step in the synthesis of 140 was to complex dibenzyl ether under standard 
complexation conditions, i.e. reacting the substrate with an equimolar amount of 
Cr(CO)6, in this case two equivalents, at refluxing temperature in a solvent system of 
n-Bu20:THF in a 5:1 ratio. This reaction did not proceed as planned, however, and 
the desired dicomplex 140 was isolated with a yield of only 20%, whilst the 
monocomplex 141 was recovered in 41% yield (Scheme 58). 
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20% Yield 
2.0 eq. Cr(CO)6 
n-Bu20:THF (5:1) 
140 °C, 10 days 
3.0 eq. Cr(CO)6  
n-Bu20:THF (5:1) 
140 °C, 4 days 
85% 
(OC)3Cr 	(OC)3Cr 
140 
41% Yield 
141 
Scheme 58 
The progress of this reaction had been monitored over a period of ten days by TLC, 
and it was observed that the ratio of dicomplex:monocomplex in the reaction mixture 
gradually increased over the first few days, but reached a point whereby no more 
dicomplex was seen to be produced. 
The decision was thus taken to increase the amount of chromium hexacarbonyl used 
in the complexation, and three equivalents were used instead of two. This made a 
marked difference, with 85% of the desired product 140 being produced after only 4 
days of heating at 140 °C. Analytical techniques including NMR spectroscopy and 
mass spectrometry identified the product as (dibenzyl ether)tricarbonylchromium(0) 
140, by comparison to literature values.'53  
(0C)3Cr 	(0C)3Cr 
140 
73 
Ph Ph 
,—NLi 
Ph 	Ph 
(+)-23 
LiCI, THE 
-78 °C, 1 h 
2) Mel, -78 °C, 1 h 
99%, 99% ee (OC)3Cr 	(OC)3Cr 
140 
(0C)3Cr: 	(0C)3Cr 
(+)-142 
4.2.1.2 Asymmetric Deprotonation of the C2-Symmetric Dicomplexed Ether 
Complex 140 was then the subject of an asymmetric deprotonation reaction with 
chiral base (+)-23. This reaction proceeded in a very efficient manner, producing the 
desired C2-symmetric dimethylated system (+)-142 with a high yield and in excellent 
enantiomeric excess (Scheme 59). The novel complex (+)-142 was characterised by 
NMR spectroscopy, mass spectrometry and elemental analysis. 
1) 2.0 eq. 
Scheme 59 
In order to establish the enantiomeric excess of the dimethylated dicomplex (+)-142, 
the opposite enantiomer had to be synthesised for comparison by chiral HPLC. This 
enantiomer was produced by reaction of the dicomplex 140 with the opposite 
enantiomer of the chiral base (+)-23, (-)-24. The complex (-)-142 was identified by 
comparison of its NMR spectroscopy and mass spectrometry data to that recorded for 
(+)-142. 
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4.2.1.3 Synthesis of the Chiral Base (-)-23 
Diamide (-)-23 was synthesised in exactly the same fashion as diamide (+)-23, except 
(S)-(-)-a-methylbenzylamine (-)-24 was used as the starting material instead of its 
(R)-(+)- enantiomer (+)-24. Glyoxal 25 was reacted with (S)-(-)-a-methylbenzylamine 
(-)-24, in the presence of a catalytic amount of formic acid, to produce the desired 
diimine (-)-26 in quantitative yield. Following addition of phenylmagnesium bromide 
to the diimine, at -78 °C, the reaction was allowed to warm to room temperature and 
stirring of the reaction mixture was continued for a further 18 hours. This afforded, 
after column chromatography and recrystallisation, the desired diamine (-)-27 in 21% 
yield. Diamide (-)-23 was then generated in situ from (-)-27 by reaction with two 
equivalents of n-BuLi. 
formic acid, MgSO4, 
DCM 
2.0 eq. 	 rt, 30 min 
PhNH2 + 	0 	— 
(-)-24 	25 
99% Ph 
(-)-26 
3.2 eq. PhMgBr 
Et20 
N 
Ph 
21% 
-78 °C, 2 h 
rt, 18 h 
Ph, 	Ph 
„_ 	/--( 	/ 
n-BuLi 
in situ 
Ph, 	Ph 
..'-3—N.:-H y—NLi LiN—  HN—( t 
Ph Ph Ph 	Ph 
(-)-23 	 (-)-27 
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Boc 
(0C)3Cr 	(0C)3Cr 
4.2.2 C2-Symmetric Dicomplexed Amide 
The next idea was to create a nitrogen analogue of dicomplexed ether 140. It was 
decided that this analogue, and therefore the desired target molecule of the next 
synthesis, was to be the N-Boc protected dibenzylamine dicomplex 143. 
143 
4.2.2.1 Synthesis of the C2-Symmetric Dicomplexed Amide 
The first step of the synthesis was the Boc-protection of commercially available 
dibenzylamine with di-tert-butyl-dicarbonate (Boc anhydride). The dibenzylamine 
was injected into a solution of Boc anhydride in DCM, which was being stirred at 0 
°C. After five minutes, the reaction was allowed to reach room temperature and 
stirring was continued for a further one hour. Column chromatography of the organic 
products provided the desired N-Boc-dibenzylamine 144 in quantitative yield. The 
complex was then identified by comparison of NMR spectroscopy and mass 
spectrometry data to literature values.'54  
di-tert-butyl-dicarbonate 
DCM 
0 °C, 5 min 
rt, 1 h ie. 
 
99% 
 
144 
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3.0 eq. Cr(CO)6  
n-Bu20:THF (5:1) 
135 °C, 5 days 
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2) Mel, -78 °C, 1 h 
49% 
(OC)3Cr 	(OC)3Cr (OC)3Cr' 
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Ph 	Ph 
NLI LIN'S 
Ph 	 Ph 
(+)-23 
LiCI, THF 
-78 °C, 1.5 h N 
Boc 
(OC)3Cr 
(+)-145 
The next step was the dicomplexation. The conditions used were the same as those 
used for the dicomplexation of dibenzyl ether. N-Boc-dibenzylamine 144 and 3 
equivalents of Cr(CO)6 were refluxed in n-Bu20 and THF, in a 5:1 ratio, under an 
inert atmosphere. The reaction was stopped after 5 days when TLC revealed that the 
starting material had been completely used up. Purification of the reaction mixture, 
however, yielded the desired novel dicomplex 143 in only 47% yield. 
(0C)3Cr 	(0C)3Cr 
144 
	
143 
This was a disappointing result and was probably due to the instability of the Boc 
group to heat. 
4.2.2.2 Asymmetric Deprotonation of the C2-Symmetric Dicomplexed Amide 
With the dicomplex 143 in hand, it was possible to examine the asymmetric 
deprotonation/electrophilic quench procedure that had been used on the oxygen 
analogue. Treatment of the dicomplex 143 with two equivalents of chiral base (+)-23 
afforded the dimethylated complex (+)-145 in 49% yield. 
air,hv 
DCM 
rt, 48 h 
(0C)3Cr.. 
	
(0C)3Cr 
82% 
The other enantiomer, required for chiral HPLC analysis, was synthesised by 
treatment of dicomplex 143 with chiral base (-)-23. This produced the enantiomer (-)-
145 in 54% yield. The reason for these low yields, in what is normally a high yielding 
reaction, was postulated to be the instability of the Boc group in the presence of a 
strong base. The enantiomers (+)-145 and (-)-145 were then analysed using chiral 
HPLC to determine the enantioselectivity of the chiral base reaction. Unfortunately, 
the compounds, (+)-145 and (-)-145, proved to be unstable to HPLC conditions and 
analysis was impossible. However, decomplexation of these compounds, by stirring in 
DCM in the presence of air and light, produced the decomplexed products (+)-146 
and (-)-146 in good yield. These compounds were stable to HPLC conditions. 
(+)-145 	 (+)-146 
Analysis of these decomplexed compounds showed that the dimethylation had 
occurred with reasonable selectivity, producing an enantiomeric excess of 55%. 
4.3 Conclusion 
Work on these C2-symmetric systems has created an area of research with 
considerable potential. The excellent enantioselectivity exhibited by the dibenzyl 
ether system can be exploited by using a range of electrophiles after the asymmetric 
deprotonation to produce various enantiopure C2-symmetric molecules. These could 
then be used as chiral ligands in asymmetric catalysis. Use of a different protecting 
78 
group on the nitrogen system may allow the complexation and deprotonation 
reactions to become higher yielding, and adjustment of this group may lead to an 
increase in the selectivity of the asymmetric deprotonation reaction. There is even the 
potential to use another heteroatom such as sulfur, and create a completely new series 
of optically enriched C2-symmetric molecules. 
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Chapter Five 
Results and Discussion 
C3-Symmetric Systems 
5.1 Background 
There has been much interest in the development and utilisation of C3-symmetric 
molecules for a number of different purposes, including their use as ligands in 
asymmetric catalysis and their use as scaffolds in molecular recognition.155-157  
An example of a C3-symmetric compound that has been successfully used as a ligand 
in an asymmetric catalytic reaction is the titanium complex 147 shown below 
(Scheme 60). This was used in the asymmetric alkylation of various aldehydes and 
was very successful, generating the desired chiral alcohols with enantiomeric excesses 
of up to 98%.158 
  
OH 
 
147 
 
+ Et2Z n 
20 mol% 
 
DCM, 40 °C, 16 h 
 
R Yield (%) ee (%) 
4-MeO 97 96 
2-MeO 81 96 
3,5-MeO 94 96 
4-Me 95 98 
Scheme 60 
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A field of molecular recognition that has attracted much attention is aimed at 
developing receptors that can detect NH4+. Such a receptor could be used to determine 
the concentrations of ammonia or ammonium ions in the atmosphere or in drinking 
water. It could also be used to measure levels of urea or creatinine, indirectly, by 
measuring the amount of NH4+ present after enzyme-catalysed hydrolysis had taken 
place. 
Currently, one of the most successful receptors for NH4+ recognition is nonactin 148. 
There is, however, a problem with using nonactin as it binds to NH4+ less than ten 
times more strongly than it binds to K+ due to their similar size. A solution to this 
problem was to exploit the differing symmetries of the two ions. NH4+ is a tetrahedral 
and K+ has a spherical symmetry. One molecule that takes advantage of this 
difference is the C3-symmetric oxazoline 149.159 
148 
	
149 
It was found that that oxazoline 149 exhibited a much greater selectivity (NH4+/K+ 
selectivity — 440) compared to the nonactin receptor 148 (NH4+/K+ selectivity — 10). 
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5.2 	Previous Work 
The potential of C3-symmetric compounds inspired the decision to develop previous 
group work on C2-symmetric molecules and to explore the possibility of creating a 
new series of C3-symmetric structures. 
The first C3-symmetric molecule synthesised was the trimethylated complex 150, 
generated from the asymmetric deprotonation of triether 151 with chiral base (+)-
23.16° This reaction was very successful with the desired product being isolated in 
85% yield and with an enantiomeric excess greater than 95%. 
151 
	 150 
This reaction showed that there was a great potential for the creation of a new series 
of C3-symmetric compounds, so a range of different electrophiles were selected for 
use after the asymmetric deprotonation, and this led to the production of a new group 
of enantiomerically enriched C3-symmetric molecules.16° 
Some of the first electrophiles to be used were allyl bromide and propargyl bromide, 
with the hope that the products could be subjected to a hydroboration/oxidation 
sequence or click chemistry. The reaction with the allyl bromide succeeded as 
planned, generating the target molecule 152. Attempts to create a triol from this 
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molecule, however, proved fruitless as the hydroboration/oxidation sequence failed to 
yield the desired product. 
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In contrast, the reaction using propargyl bromide as the electrophile was unsuccessful 
as only the mono-substituted product, 153, was produced. 
151 
	
153 
Although the hydroboration/oxidation of the ally! bromide product 152 did not work, 
other strategies were tried to achieve the synthesis of a C3-symmetric trio!. The most 
successful of these was the use of ethylene oxide as the electrophile after an 
asymmetric deprotonation. This led to the production of the desired trio! 154 in 72% 
yield and with an enantiomeric excess of 93%. 
72%, 93% ee 
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As well as the production of C3-symmetric enantiomerically pure alcohols, it was also 
decided to look at introducing different heteroatoms into this series of molecules with 
a view to generating new ligands for asymmetric catalysis. The first heteroatom to be 
investigated was phosphorus. Asymmetric deprotonation of triether 151 with chiral 
base (+)-23 was followed by the addition of chlorodiphenylphosphine. This led to the 
production of triphosphine 155 in 47% yield and with greater than 95% enantiomeric 
excess. The phosphines were then protected with borane, and the chromium 
tricarbonyl moiety was removed by stirring the compound in a solution exposed to air 
and light (Scheme 61). 
47%, > 95% ee 
151 155 
1) BH3.THF 
2) air/light 
97% 
BH3 
Ph2P..OMe 
Ph2R.,
BH3 
Scheme 61 
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This led to the production of an air stable C3-symmetric enantiomerically pure 
triphosphine that has the potential to be used as a ligand in asymmetric catalysis. 
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The next heteroatom to be introduced was nitrogen. This was inserted into the 
framework as part of a pyridine, which was introduced using 3-bromomethylpyridine 
after the asymmetric deprotonation. The result was the generation of a new C3-
symmetric tripyridine 156 in 84% yield and with an enantiomeric excess greater than 
95%. This was decomplexed to form the chromium free tripyridine 157, which was 
then taken on and complexed with ruthenium (Scheme 62). 
Scheme 62 
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5.3 	New C3-Symmetric Compounds 
5.3.1 Planned Synthesis of New C3-Symmetric Compounds 
In light of work previously undertaken, it was decided to design and synthesise two 
novel C3-symmetric molecules suitable for use as ligands in catalysis: one of these 
would contain nitrogen donor atoms and the second one would include oxygen donor 
atoms. The two targets were the C3-symmetric molecules 158 and 159. 
  
OH 
LOMB 
N 
N 
Bn 
MeO 
HO 
158 
	 159 
The synthetic plan for both of these molecules involved starting from the same 
chromium tricarbonyl complexed triether 151. This triether would be generated in 
four steps from the commercially available 1,3,5-benzenetricarboxylic acid 160. The 
first of these steps would be the esterification of the triacid; this would then be 
followed by a LiA1H4 reduction of the resulting triester 161 to yield the triol 162. This 
could then be converted into the desired triether 163 by treatment with NaH and MeI. 
The final step would be to complex the triether 163 with chromium hexacarbonyl in 
order to produce the chromium tricarbonyl complexed triether 151 (Scheme 63). 
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Scheme 63 
With the complexed triether in hand, it would then be possible to carry out an 
asymmetric deprotonation of the three benzylic hydrogens that are anti-periplanar to 
the chromium tricarbonyl moiety. Quenching with an appropriate electrophile would 
lead to the production of a suitable precursor for the synthesis of targets 158 and 159. 
For the synthesis of the triol 159, it was envisaged that this molecule could be made 
by first synthesising the corresponding tribenzyl ether 164, then decomplexing the 
chromium tricarbonyl moiety to produce tribenzyl ether 165, which could be reduced 
to the triol 159. The tribenzyl ether 164 would be created by asymmetric 
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deprotonation of the complexed triether 151, using chiral base (+)-23, followed by an 
electrophilic quench with benzyl chloromethyl ether (Scheme 64). 
151 	 164 
vir hv, air 
159 	 165 
Scheme 64 
The exploitation of click chemistry161 would be the ideal way to synthesise the desired 
tris triazole 158. To use this chemistry it would be necessary to make the tris alkyne 
166, which would then be reacted with benzyl azide. The tris alkyne would be 
synthesised in three stages; firstly, by asymmetric deprotonation of the complexed 
triether 151 using chiral base (+)-23, followed by an electrophilic quench with TMS 
protected propargyl bromide. The TMS protected propargyl bromide was used as the 
previous reaction using propargyl bromide had proved unsuccessful and it was felt 
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that this could be due to the acidic hydrogen on the alkyne quenching the other 
deprotonated sites. The resulting trisilane 167 would then be decomplexed to form 
168, after which the TMS groups would be removed to generate the desired tris 
alkyne 166. This alkyne would then be reacted with benzyl azide in a click-type 1,3-
dipolar cycloaddition to form the tris triazole 158 (Scheme 65). 
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5.3.2 Synthesis of Mono Substituted Complexes 
Before the syntheses of the tris triazole or triol were attempted, it was decided to 
generate the respective mono analogues 169 and 170 in racemic form. This was so the 
reaction conditions could be tested and optimised on a relatively simple system. 
OH 
OMe 
169 	 170 
The model mono systems were to be synthesised from the chromium tricarbonyl 
complex of 4-tert-butyl- 1 -methoxymethylbenzene 171. This was generated by 
protection of the complexed benzyl alcohol 102 as its methyl ether according to a 
known procedure.22 The complexed alcohol 102 was stirred in acidified methanol at 
50 °C for 3 hours, before the reaction mixture was allowed to cool to room 
temperature and neutralised. The organic compounds were then extracted, 
concentrated and subjected to flash column chromatography. This led to the isolation 
of the product 171 in 73% yield. The product was identified by comparison of NMR 
spectroscopy and mass spectrometry data to literature values.22 
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5.3.2.1 Synthesis of the Mono Alcohol 
The first stage in the synthesis of the desired mono alcohol was the addition of the 
benzyl methyl ether group onto the benzylic position of the complexed ether 171. This 
was achieved by deprotonation of a benzylic hydrogen with t-BuLi at -78 °C. 
Deprotonation was allowed to take place over 90 minutes, after which time benzyl 
chloromethyl ether was injected into the reaction vessel. The reaction mixture was 
allowed to reach room temperature and was stirred for a further 18 hours. After the 
reaction was deemed to have reached completion by TLC, iso-propanol was injected 
into the Schlenk tube to quench the reaction mixture. The solvent was removed in 
vacuo and the product 172 was isolated by flash column chromatography in 92% 
yield. The novel diether 172 was then characterised by NMR spectroscopy, mass 
spectrometry and elemental analysis. 
1) tBuLi, -78 °C, 1.5 h 
2) BnOCH2CI, rt, 18 h 
92% 
OBn 
OMe 
The next synthetic step to test was the decomplexation of the diether 172. This was 
carried out with the aid of cerium(IV) ammonium nitrate in methanol, which allowed 
the novel decomplexed diether 173 to be produced in 1 hour, at room temperature, in 
99% yield. The novel product 173 was characterised by NMR spectroscopy, mass 
spectrometry and elemental analysis. 
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	 rt, 1 h 
99% 
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173 
OBn 
1) CIO2S-N=C=O, DCM 
45 °C, 20 h 
tBu 	
2) NaOH, Me0H 	tBu rt, 1 h 
OH 
OMe OMe 
Finally, the benzyl group had to be removed to reveal the desired mono alcohol 170. 
This was attempted using a known procedure that had utilised chlorosulfonyl 
isocyanate-sodium hydroxide to deprotect a range of benzyl-group protected 
alcohols.162 The diether 173, chlorosulfonyl isocyanate and sodium carbonate were 
added to freshly distilled DCM and heated to reflux for 20 hours under an inert 
atmosphere. The reaction mixture was then cooled to 0 °C before the addition of a 
solution of sodium hydroxide in methanol. The reaction was allowed to reach room 
temperature and stirring was continued for a further hour. This led to the production 
of an inseparable mixture. Although repeated attempts at separating the organic 
products using flash column chromatography were unsuccessful, the crude NMR 
suggested that the reaction might have been successful. It was therefore decided to 
proceed with the same reaction on the tris analogue, as it was thought the products of 
this reaction might be easier to separate. 
173 
	
Inseparable mixture 	 170 
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5.3.2.2 Synthesis of the Mono Triazole 
The first stage in the synthesis of the model mono triazole was the addition of the 
TMS protected alkyne onto the benzylic position of the complexed ether 171. This 
was carried out in exactly the same fashion as the first step in the production of the 
mono alcohol. The complexed ether 171 was deprotonated with t-BuLi at -78 °C for a 
period of 90 minutes. The electrophilic quench was then performed using TMS 
protected propargyl bromide. After 20 hours the reaction was complete according to 
TLC, and iso-propanol was injected into the reaction vessel. The novel silane 174 was 
isolated, after chromatography, in 88% yield and characterised by NMR spectroscopy, 
mass spectrometry and elemental analysis. 
OMe 	1) tBuLi, THF, -78 °C, 1.5 h 
2) (SiMe3)CCCH2Br, rt, 20 h 
88% 
SiMe3 
The next stage in the synthesis of the mono triazole was the removal of the chromium 
tricarbonyl moiety. This decomplexation was carried out by reacting complexed 
silane 174 with cerium(IV) ammonium nitrate in methanol, at room temperature, for 1 
hour. This led to the production of novel decomplexed silane 175, after flash column 
chromatography, in 99% yield. The novel molecule was characterised by NMR 
spectroscopy, mass spectrometry and elemental analysis. 
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(NH4)2Ce(NO3)6, Me0H 
rt, 1 h 
SiMe3 
 
99% 
 
 
175 
 
The penultimate phase of this synthesis was the deprotection of the alkyne by removal 
of the TMS group. This deprotection was performed with TBAF using a known 
procedure.I63 A solution of TBAF in THF was introduced to a stirred solution of 
decomplexed silane 175 in THF and the mixture was stirred at room temperature for 2 
hours. The reaction mixture was then diluted with water and the organic compounds 
were extracted, dried and concentrated. Flash column chromatography was performed 
on the resulting residue and the desired novel alkyne 176 was isolated in 87% yield. 
The novel product was then characterised by NMR spectroscopy, mass spectrometry 
and elemental analysis. 
SiMe3  
TBAF, THF 
rt, 2 h 
OMe 
tB u  -^,....---- 
 
87% 
175 
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The last synthetic step in the preparation of the desired novel triazole 169 was the 1,3-
dipolar cycloaddition of benzyl azide to alkyne 176. This example of click chemistry 
was executed according to a known procedure.I64 Benzyl azide and alkyne 176 were 
stirred in DCM before the addition of water, sodium ascorbate and copper sulfate. The 
reaction mixture was then stirred at room temperature and monitored by TLC. The 
starting material was deemed to have been consumed after 1 hour. The organic layer 
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BnN3, CuSO4.5H20 	 1\1=N, 
sodium ascorbate N—Bn 
DCM/H20 (1:1) 
rt, 1 h 
78% 
OMe 
MeO 
H2SO4, Me0H 
75 °C, 24 h 
0 OMe -...-- 
0 
0 	OMe 
161 
HO 
91% 
was then separated, dried and concentrated. The remaining residue was purified by 
flash column chromatography and the desired novel triazole 169 was isolated in 78% 
yield. 
176 
	
169 
5.3.3 Synthesis of C3-Symmetric Compounds 
The starting point in the synthesis of the C3-symmetric compounds is the generation 
of the complexed triether 151. The first stage in the synthesis of 151 was the synthesis 
of the triester 161, executed using a literature procedure.165 1,3,5-
Benzenetricarboxylic acid 160 was stirred in acidified methanol at reflux for 24 hours. 
The reaction was then allowed to cool before it was neutralised and the organic 
products were extracted. Flash column chromatography of the organic residue 
afforded the desired product 161 in 91% yield. The product was identified by 
comparison of NMR spectroscopy and mass spectrometry data to literature values.165 
The second part of the synthesis was to reduce the triester 161 to the corresponding 
triol 162. This reduction was performed according to a known method,166 which had 
been optimised by a former group member. A solution of triester 161 was introduced 
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HO 
OH 
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MeO 
1) NaH, THF 	 ..,-0Me  
75 °C, 24 h 
2) Mel 
rt, 14 h 
77% 
HO 
OH 
162 
OMe 
163 
into a stirred suspension of lithium aluminiumhydride at 0 °C. The reaction mixture 
was then heated to reflux for 24 hours, before being allowed to cool to room 
temperature. The reaction mixture was then carefully quenched, filtered and 
concentrated. This afforded the desired triol 162 in 86% yield. This product was 
identified by the usual analytical techniques, and the data compared satisfactorily with 
the literature values.166 
0 OMe 	 OH .---' 	 LiAIH4, THF 
75 °C, 24 h 
	
0 	 86% 
0 	OMe 
161 
The triol then had its hydroxyl groups protected as methyl ethers. This protection was 
achieved using a protocol established within the group.160 The triol was refluxed with 
sodium hydride in THF for 2 hours. The solution was then cooled, methyl iodide was 
introduced and stirring was continued for a further 14 hours. After this time the 
reaction mixture was quenched, the organic products were extracted and the desired 
triether 163 was isolated by flash column chromatography in 77% yield. The product 
was identified by favourable comparison of NMR spectroscopy and mass 
spectrometry data to literature values.160 
MeO 
The final part of this synthesis was to complex triether 163 with chromium 
hexacarbonyl. This complexation was carried out under standard conditions. Triether 
97 
MeO MeO 
Cr(CO)6  
n-Bu02:THF (5:1) 
140 °C, 48 h 
163 and hexacarbonylchromium(0) were stirred in a solution of n-Bu20 and THE 
(5:1) and heated to reflux for 48 hours. Concentration and chromatography of the 
product mixture then afforded the complexed triether 151 in 85% yield. The triether 
151 was characterised by comparison of NMR spectroscopy and mass spectrometry 
data to literature values.16° 
OMe 	 85% 
	
OMe 
163 
	
151 
5.3.3.1 Synthesis of C3-Symmetric Triol 
The synthetic plan for the triol followed the same approach taken for the synthesis of 
the model mono alcohol 170, therefore, the first stage was the addition of the benzyl 
methyl ether groups. The triether 151 was deprotonated with 3 equivalents of chiral 
base (+)-23 at -78 °C for a period of 2 hours, before the introduction of benzyl 
chloromethyl ether. The reaction was allowed to warm to room temperature and 
stirring was continued for 40 hours. After this time, the reaction was deemed, by TLC, 
to have reached completion and iso-propanol was used to quench the reaction 
mixture. The solvents were removed in vacuo and the novel product was isolated from 
the resulting residue, after flash column chromatography, in 98% yield. The novel 
tribenzyl ether (+)-164 was characterised by NMR spectroscopy, mass spectrometry 
and elemental analysis. 
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(NH4)2Ce(NO3)6, Me0H 
rt, 1 h 
97% 
OMe 
..... Cr(C0)3 
0 
MeO 
OMe 
O 
1) 3 equiv. 
Ph 	Ph 
Ph 	 Ph 
(+)-23 
LiCI, THE 
-78 °C, 2 h  
2) BnOCH2CI 
rt, 40 h 
98% 
The decomplexation of the chromium tricarbonyl moiety was the next step in the 
synthetic plan. This was performed by stirring complexed tribenzyl ether (+)-164 with 
cerium(IV) ammonium nitrate in methanol at room temperature for 1 hour. 
Concentration and chromatography of the product mixture led to the isolated of 
decomplexed novel tribenzyl ether (+)-165 in 97% yield. This novel compound was 
characterised by all the usual analytical techniques. 
The final stage in the synthesis of novel triol 159 was the removal of the benzyl 
groups. Tribenzyl ether (+)-165 was mixed with chlorosulfonyl isocyanate, sodium 
ascorbate and sodium carbonate in water and DCM, and heated to reflux for 20 hours. 
The reaction mixture was then cooled to 0 °C before the addition of sodium hydroxide 
in methanol. This was allowed to reach room temperature and stirring was continued 
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45 °C, 20 h 
2) NaOH, Me0H 
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OH 
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159 
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for a further 1 hour. The reaction mixture was neutralised and concentrated to leave a 
residue that was subjected to flash column chromatography. Unfortunately, only 
starting material and decomposition products could be isolated from the organic 
residue. 
5.3.3.2 Attempted Synthesis of C3-Symmetric Tris Triazole 
The first stage in the synthesis of the desired tris triazole 158 was the addition of the 
TMS protected alkyne onto the benzylic arms of the triether 151. The triether was 
subjected to the asymmetric deprotonation in exactly the same way as it had been in 
the synthesis of the tribenzyl ether (+)-164. A chiral base solution was prepared and 
the triether 151, in a THE solution, was injected into the reaction vessel; a 
deprotonation was allowed to occur at -78 °C over 2 hours. The TMS protected 
propargyl bromide electrophile was then injected into the solution and the reaction 
was monitored by TLC. The reaction mixture was allowed to stir, at room 
temperature, for up to 5 days. However, after the reaction mixture had been quenched 
and the sole product of the reaction had been isolated, it was found by NMR 
spectroscopy to be the mono-substituted alkyne 177. 
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5.4 Conclusion 
In conclusion, this work highlights the challenges faced when trying to install three 
chiral centres in one reaction. The C3-symmetric tribenzyl ether still has the potential 
to be taken forward, by way of a suitable deprotection step, to generate the desired 
triol. This could then have considerable potential for use as a ligand in asymmetric 
catalysis. 
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Chapter Six 
Experimental 
6.1 	General Experimental 
All reactions and operations involving organometallic reagents were performed under an 
inert atmosphere of dry nitrogen using standard Schlenk tube and vacuum line 
techniques.167 Reactions and procedures involving arene chromium tricarbonyl 
complexes were protected from light. 
THE was distilled from sodium benzophenone ketyl and used immediately. DCM was 
distilled from calcium hydride and used immediately. Anhydrous methanol and di-n-butyl 
ether were purchased from Aldrich and used as received. Chlorodiphenylphosphine was 
distilled under reduced pressure and stored under an inert atmosphere prior to use. Benzyl 
chloromethyl ether was distilled over anhydrous calcium chloride under reduced pressure, 
and stored over oven-dried calcium chloride under an inert atmosphere prior to USe.168 
The concentrations of alkyllithium reagents were determined by titration against 
diphenylacetic acid in THF.169 All other solvents and reagents were used as purchased 
from commercial sources. 
Flash column chromatography was performed using BDH silica gel (33-70p,m). Thin 
layer chromatography was performed on Merck glass plates (silica gel 60 F254) using UV 
light (254 nm) for visualising and/or vanillin or potassium permanganate and heat as 
developing agents. 
103 
HPLC analysis was performed using a Unicam 100 UV-Vis detector, a Unicam Crystal 
200 pump and Daicel Chiralcel OD-H or Daicel Chiralpak AD and AS columns (25 x 
0.46 cm). 
NMR spectra were recorded at room temperature on Bruker AV360, AV400 and AM500 
instruments. 
Mass spectra were recorded on Micromass Autospec-Q and Micromass Platform II 
spectrometers. 
Optical rotations were measured on an Optical Activity Ltd AA-10 Automatic 
Polarimeter using a 1 dm path length and with concentrations reported in gmL-1. 
IR spectra were recorded on a Perkin Elmer Spectrum RX FT-IR System spectrometer 
using NaCl plates. 
Melting points were measured on Stuart Scientific SMP11 melting point apparatus in 
open capillaries and are uncorrected. 
Elemental analyses were performed by the London Metropolitan University 
microanalytical service. 
6.1.1 Nomenclature and Assignment of Chirality 
The compounds synthesised in Chapter 3 were named in accordance with the following 
numbering system. The arene carbon that was bonded to the benzylic arm on which the 
phosphine was attached to, was numbered 1. The substituted position, ortho to carbon 1, 
was numbered 2. This remains the case even when the substituents on the second 
benzylic arm would normally take priority. The benzylic position next to arene carbon 
104 
2' 
OMe 
number 1 is numbered 1', and the benzylic position next to arene carbon number 2 is 
numbered 2'. 
OMe 
OMe 
The naming system for Chapter 5 is similar, with the numbers of the benzylic carbons 
being the prime of the number of the carbon it is attached to on the ring. The numbering 
of the arene carbons is set by the priority of the groups attached to them. 
Chirality was assigned according to the extended Cahn-Ingold-Prelog rules.17° Planar 
chirality was assigned by treating each of the carbons in the arene ring as tetrahedral, 
with the chromium forming the fourth part of the tetrahedron. Priorities are assigned in 
accordance to the CIP rules and the molecule is then rotated so that the lowest priority 
group is behind the molecule. The direction of the priorities is then used to determine the 
correct assignment of chirality. The example below illustrates the assignment of planar 
chirality for carbon 1 (Scheme 66). 
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6.2 	Experimental for Chapter Two 
(+)-(R,R)-/V,/V%Bis[(R)-phenylethy1]-1,2-ethanediimine122 (+)-26 
P
)—  N 
h 
 
(+)-26 
A 500 cm3 round bottomed flask was charged with (R)-(+)-a—methylbenzylamine (71 
cm3, 552 mmol), glyoxal (30 cm3, 263 mmol), MgSO4 (40 g) and DCM (300 cm3). The 
resulting suspension was stirred and the reaction was initiated by the careful addition of 
formic acid (0.5 cm3). After 30 min the contents of the flask were filtered through celite 
and the filter cake was washed with DCM (100 cm3). The solvent was removed in vacuo 
and the resulting brown oil was dissolved in hexane (150 cm3) before being stirred over 
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activated 3 A molecular sieves for 12 h. The solution was then filtered and concentrated 
to afford bis-imine (+)-26 as a brown oil (69.4 g, 99%). [oc]po _ +212 (c = 0.002 in 
CH2C12); IR: vin, (CH2C12, cm-1) 1662s, 1627s (NC); 811 (360MHz, CDC13), 1.51 (6H, d, 
J = 7, CHCH3), 4.44 (2H, q, J = 7, CHCH3), 7.26-7.15 (10H, m, HA,), 7.98 ppm (2H, s, 
HC=N); 8c {'H} (90 MHz, CDC13), 20.3 (CHCH3), 70.1 (CHCH3), 127.1 (CA,), 127.7 
(Cm), 129.0 (CA,), 144.0 (CAr), 161.1 ppm (C=N); MS (EI): m/z 264 (M+, 24%), 249 (M+ 
- CH3, 100), 187 (M÷ - C6H5, 39), 159 (M+ - CH(CH3)C6H5, 100), 145 (M+ - 
NCH(CH3)C6H5, 100). 
The opposite enantiomer (-)-26 was synthesised using the same procedure. (S)-(-)-a—
methylbenzylamine (71 cm3, 552 mmol), glyoxal (30 cm3, 263 mmol), MgSO4 (40 g) and 
DCM (300 cm3) were stirred in a flask before the addition of formic acid (0.5 cm3). The 
product (-)-26 was isolated as a brown oil (69.4 g, 99%).  [a]D20 = -211 (c = 0.002 in 
CH2C12); 'H and 13C NMR data were identical to that obtained for (+)-26. 
(+)-(R,S,S,R)-1V,N'-Bis[(R)-1-phenylethyl]-(1S,2S)-1,2-dipheny1-1,2-ethanediaminem  
(+)-27 
Ph 	Ph 
2-NH HN-S 
Ph 	Ph 
(+)-27 
Bis-imine (+)-26 (69.4 g, 263 mmol) was dissolved in diethyl ether (200 cm3) before 
being cooled to -78 °C. Phenylmagnesium bromide (300 cm3, 3M in diethyl ether, 900 
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mmol), was then introduced to the solution via a syringe pump over the period of 2 h. The 
resulting mixture was allowed to reach room temperature over 2 h and stirred for a further 
14 h. The reaction was quenched by the careful addition of a saturated solution of 
ammonium chloride (150 cm3). The organic layer was separated and the aqueous layer 
was extracted with diethyl ether (3 x 150 cm3). The organic layers were combined, dried 
(MgSO4) and concentrated in vacuo. Purification of the crude product by flash column 
chromatography (S102; hexane-diethyl ether, 100:0-95:5 gradient elution) and 
recrystallisation from hexane/DCM (1:1) yielded the title complex (+)-27 as large 
colourless crystals (25.4 g, 23%). [a]D2° = +201 (c 0.015 in CH2C12); mp: 108-110 °C; 8H 
(360MHz, CDC13), 1.18 (6H, d, J = 7, CHCH3), 2.06 (2H, brs, NH) 3.29 (2H, s, 
PhCHCHPh), 3.35 (2H, q, J= 7, CHCH3), 6.83-7.21 ppm (10H, m, CArH); Sc {'H} (90 
MHz, CDC13), 24.2 (CHCH3), 54.0 (CHCH3), 64.7 (PhCHCHPh), 125.6-127.3 (CAr), 
140.6 (CAr), 144.5 ppm (CAr); MS (CI): m/z 421 (MH+, 100), 210 (M2+, 21), 120 (M+ - 
PhCH(Me)NHCHCH, 5), 106 (M+ - PhCH(Me)NHCHCHN, 9). 
The opposite enantiomer (-)-27 was synthesised using the same procedure. 
Phenylmagnesium bromide (300 cm3, 2.8M in diethyl ether, 840 mmol) was introduced 
to a solution of bis-imine (-)-26 (69.4 g, 263 mmol) in DCM (200 cm3). The product was 
obtained as large colourless crystals (25.4 g, 21%). [4)20  -200 (c = 0.15 in CH2Cl2); 'H 
and 13C NMR data were identical to that obtained for (+)-27. 
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Tricarbonyl(4-tert-butyl-benzyl alcohol)chromium(0)22 102 
OH 
102 
A 500 cm3 round bottomed flask fitted with an air condenser, with a water condenser on 
top, was filled with 4-tert-butyl-benzyl alcohol (10 cm3, 56.5 mmol), 
hexacarbonylchromium(0) (12.4 g, 56.5 mmol), dry THE (20 cm3) and anhydrous di-n-
butyl ether (100 cm3). The reaction was heated to 135 °C and stirred under a nitrogen 
atmosphere (ca. 1.05 bar) for 48 h. The yellow reaction mixture was allowed to cool to 
room temperature before the solvent was removed in vacuo. Purification of the crude 
product by flash column chromatography (Si02; hexane-ethyl acetate, 7:3) afforded the 
title complex 102 as a yellow solid (16.5 g, 98%). Mp: 101-103 °C; IR: vmax (CI-1202, 
cm 1)  3335bs (OH), 1944s, 1866s (CO); SH (400MHz, CDC13), 1.25 (9H, s, C(CH3)3), 
1.95 (1H, s, OH), 4.51 (2H, s, CH2OH), 5.31 (2H, d, J= 6 Hz, CcrH), 5.62 ppm (2H, d, .1 
= 6 Hz, CcrH); 8c {1H} (100 MHz, CDC13), 31.3 (C(CH3)3), 34.0 (C(CH3)3), 63.1 
(CH2OH), 89.0 (Co-H), 92.8 (Co-H), 125.5 (Car),  126.9  (Co-), 233.5 ppm (CEO); MS 
(CI): m/z 318 (MNH4+, 100%), 301 (MH+, 53), 283 (M+ - OH, 40), 182 (MNH4+ - 
Cr(CO)3, 34). 
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Tricarbonyl(4-tert-butyl-benzyl bromide)chromium(0) 103 
103 
Complex 102 (200 mg, 0.67 mmol) was dissolved in freshly distilled DCM (20 cm3) and 
stirred at -78 °C in a Schlenk tube. BBr3 (1.33 cm3, 1M in DCM, 1.33 mmol) was injected 
into the reaction vessel and stirring was continued for 1 hour at -78 °C. A saturated 
solution of Na2CO3, (10 cm3) was added to the reaction mixture and the resulting solution 
was allowed to warm to room temperature. Water (10 cm3) and diethyl ether (40 cm3) 
were added, the layers were separated and the aqueous layer was washed with diethyl 
ether (20 cm3). The organic layers were combined, dried (MgSO4), and concentrated to 
afford the bromide 103 as an orange oil in 99% yield. IR: Vmax  (neat, cm-1) 1962s, 1872s 
(CO); 6H (500MHz, CDC13), 1.30 (9H, s, C(CH3)3), 4.17 (2H, s, CH2Br), 5.25 (2H, d, J = 
6 Hz, CcrH), 5.54 ppm (2H, d, J = 6 Hz, CcrH); Sc {1H} (125 MHz, CDC13), 31.1 
(C(CH3)3), 31.6 (CH2Br), 34.0 (C(CH3)3), 91.6 (CcrH), 92.2 (CcrH), 125.8 (Car), 128.8 
(Car), 232.8 ppm (C-0); MS (CI): m/z 364 (MH+, 6%), 283 (M+ - Br, 100); elemental 
analysis calculated for C14H1503BrCr (363.38): C 46.28%, H 4.13%; found: C 46.23%, 
H 4.15%. 
110 
Tricarbony1(4-tert-butyl-benzyl diphenylphosphine)chromium(0) 101 
PPh2 
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LiPPh2 (33.0 cm3, 0.5 M in THF, 16.5 mmol) was injected into a solution of bromide 103 
(1.2 g, 3.3 mmol) in THF (5 cm3) at room temperature. Stirring was continued for a 
further 18 hours before iso-propanol (1 cm3) was injected into the reaction vessel to 
quench the reaction mixture. The solvents were removed in vacuo and purification of the 
crude product by flash column chromatography (Si02; hexane-ethyl acetate, 7:3) afforded 
the title complex 101 as a yellow solid (1.21 g, 75%). Mp: 136-138 °C; IR: vmax (CH2C12, 
cm 1)  1957s, 1873s (CO); 6H (400MHz, CDC13), 1.26 (9H, s, C(CH3)3), 3.15 (2H, s, 
CH2PPh2), 4.84 (2H, d, J = 7 Hz, CcrH), 5.47 (2H, d, J = 7 Hz, Cc1H), 7.40-7.45 ppm 
(10H, m, PPh2); 8c {1H} (100 MHz, CDC13), 31.2 (C(CH3)3), 35.1 (CH2PPh2), 35.3 
(C(CH3)3), 91.3 (C0-14), 93.4 (Ccr1-1), 109.8-136.8 (Ccr and P(C6H5)2), 233.9 ppm (CEO); 
31P NMR (162 MHz, CDC13) 8 = -7.07 ppm (PPh2); MS (CI): m/z 469 (MH+, 100%), 441 
(MH+ - CO, 21), 384 (M+ - 3CO, 10), 333 (M+ - Cr(CO)3, 36), 285 (MH+  - PPh2, 67); 
elemental analysis calculated for C26H25O3PCr (468.13): C 66.67%, H 5.34%; found: C 
66.58%, H 5.40%. 
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Phosphine 101 (300 mg, 0.64 mmol) was stirred in THF (20 cm3) at room temperature in 
a Schlenk tube before the addition of BH3•THF (0.71 cm3, 1M in THF, 0.71 mmol). The 
reaction mixture was then stirred for 5 hours at room temperature before the solvents 
were removed in vacuo. Purification of the crude product by flash column 
chromatography (Si02; hexane-ethyl acetate, 9:1-1:1 gradient elution) afforded the title 
complex 104 as a yellow solid (145 mg, 65%). Mp: 123-125 °C; IR: vmax (CH2C12, cm-1) 
1961s, 1880s (CO); 8H (400MHz, CDC13), 1.24 (9H, s, C(CH3)3), 3.27 (2H, d, J = 15.2 
Hz, CH2PPh2(BH3)), 4.87 (2H, d, J = 7 Hz, Co-H), 5.48 (2H, d, J = 7 Hz, Co-H), 7.42-
7.76 ppm (10H, m, PPh2); 6c {'H} (100 MHz, CDCI3), 31.1 (C(CH3)3), 33.2 
(CH2PPh2(BH3)), 33.8 (C(CH3)3), 92.1 (CcrH), 92.8 (Ccr1-1), 103.6-132.6 (Car and 
P(C6H5)2), 233.5 ppm (CEO); 31P NMR (162 MHz, CDC13) S = 18.4 ppm (PPh2); MS 
(CI): m/z 500 (MNH4+, 4%), 469 (MH+ - BH3, 32), 441 (MH+ - BH3 - CO, 5), 285 (MH+ - 
PPh2 - BH3, 95), 333 (MH+ - Cr(CO)3 - BH3, 100); elemental analysis calculated for 
C26H28O3PBCr (482.11): C 64.73%, H 5.81%; found: C 64.62%, H 5.79%. 
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6.3 	Experimental for Chapter Three 
Tricarbony1(1,2-benzenedimethanol)chromium(0)151 124 
OH 
(OC)3Cr 
OH 
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A 500 cm3 round bottomed flask fitted with a water condenser was filled with 1,2-
benzenedimethanol (2.15 g, 15.6 mmol), hexacarbonylchromium(0) (3.43 g, 15.6 mmol), 
dry THE (30 cm3) and anhydrous di-n-butyl ether (150 cm3). The reaction was heated to 
140 °C and stirred under a nitrogen atmosphere (ca. 1.05 bar) for 48 h. The yellow 
reaction mixture was allowed to cool to room temperature before the solvent was 
removed in vacuo. Purification of the crude product by flash column chromatography 
(Si02; hexane-acetone, 9:1-1:1 gradient elution) afforded the title complex 124 as a 
yellow solid (4.07 g, 95%). Mp 135-137 °C; vnia,c(CH2C12)/cm-1 3325br (OH), 1964s, 
1885s (CO); 6H (400 MHz, d6-acetone) 2.98 (2H, bs, OH), 4.41 (2H, d, J = 13, 
2CHHOH), 4.69 (2H, d, J = 13, 2CHHOH), 5.62-5.64 (2H, m, Co-H), 5.80-5.82 ppm 
(2H, t, J= 3, CcrR); 8c {1H} (100 MHz, d6-acetone) 61.3 (CH2OH), 93.0 (Coll), 93.8 
(Coll), 111.1 (Co), 233.6 ppm (CEO); MS (EI): m/z 274 (M+, 21%), 218 (M+ - 2CO, 
17), 190 (M+ - 3CO, 25), 172, (M+ - 3C0 - H20, 76), 104 (M+ - Cr(CO)3 - 20H, 100). 
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Tricarbony111,2-di(methoxymethyObenzenelchromium(0)119 117 
OMe 
OMe 
117 
Complex 124 (7.50 g, 27.4 mmol) was stirred in anhydrous methanol (100 cm3) before 
the careful addition of sulfuric acid (5.5 cm3). The reaction mixture was then heated to 50 
'V and stirred for 3 h before being allowed to cool to room temperature. The reaction was 
quenched with a saturated solution of Na2CO3 (45 cm3) followed by the addition of 
diethyl ether (50 cm3). The two layers were separated and the aqueous layer was 
extracted with diethyl ether (3 x 50 cm3). The organic layers were combined and dried 
with MgSO4, before being filtered and the solvent removed in vacuo to give a yellow oil. 
The crude product was purified by flash column chromatography (Si02; hexane-diethyl 
ether; 98:2-85:15 gradient elution) to produce complex 117 as a yellow oil (8.19 g, 99%). 
IR: vmax(neat)/cm-1 1964s, 1876s (CO); 6H (400MHz, CDC13) 3.48 (6H, s, OCH3), 4.13 
(2H, d, J = 12, 2CHHOMe), 4.45 (2H, d, J = 12, 2CHHOMe), 5.36 (2H, s, Cc,H), 5.53 
(2H, s, Cc,H); 8c {'H} (100 MHz, CDC13), 59.0 (CH2OCH3) 70.5 (CH2OCH3), 91.7 
(Cull), 92.9 (Co-H), 106.0 (CCU), 232.6 (CCI); MS (EI): m/z 302 (M+, 17%), 271 (M+-
OMe, 3), 246 (M+ - 2CO, 18), 218 (M4 - 3CO, 36), 158 (M+ - 3C0 - 2CH20, 100). 
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(+)-(1S,1'R)-Tricarbonyl[1-(1'-methoxy,l'-diphenylphosphine)methy1-2-
(methoxymethyl)benzene]chromium(0) (+)-127 
OMe 
(+)-127 
n-Butyllithium (1.35 cm3, 2.5M in hexanes, 3.3 mmol) was added carefully to a solution 
of diamine (+)-27 (695 mg, 1.65 mmol), in THF (20 cm3) at -78 °C and the solution was 
allowed to reach room temperature over a period of 30 min. The deep red solution was 
then re-cooled to -78 °C and a solution of heat gun dried lithium chloride (70 mg, 1.65 
mmol) in THF (10 cm3) was introduced via a cannula. Stirring was continued for a 
further 5 min before a solution of complex 117 (500 mg, 1.65 mmol) in THF (10 cm3) 
was introduced to the reaction mixture via a cannula. After 30 min stirring at -78 °C, 
chlorodiphenylphosphine (0.9 cm3, 4.95 mmol) was added and stirring was continued for 
a further 1 h at -78 °C before methanol (2 cm3) was used to quench the reaction and the 
solvent was removed in vacuo. Purification of the crude product by flash column 
chromatography (Si02; hexane-diethyl ether, 100:0-90:10 gradient elution) yielded the 
title complex (+)-127 as a yellow solid (798 mg, 99%).  [14320 = +21 (c 0.001, CH2C12). 
Enantiomeric excess was determined by HPLC analysis (Chiralcel AD, n-hexane/'PrOH, 
99:1, 0.5 mL/min, 330 nm); (1S, 1'R)-enantiomer tr = 16.50 min (minor); (2S, 1"R)-
enantiomer tr = 20.20 min (major): 99% ee; mp 103-105 °C; IR: vmax(CH2C12)/cm-1  
1961s, 1877s (CO); 811 (400MHz, d4-Me0H), 3.49 (3H, s, OCH3), 3.56 (3H, s, OCH3), 
4.34 (2H, s, CHHOMe), 5.00 (1H, d, J = 6, Cc H), 5.05 (1H, m, CH(PPh2)OCH3), 5.28 
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(0C)3C( 
(11-1, d, J = 6, CcrH), 5.43 (2H, m, Co-H), 6.95-7.58 (10H, m, PPh2); Sc  {11-1} (100 MHz, 
CDC13), 59.3, 60.5 (CH2OCH3 and CH(PPh2)OCH3), 70.1 (CH2OCH3), 79.2 (d, J = 20, 
CH(PPh2)OCH3), 89.1 (CcrH), 92.0 (CcrH), 94.0 (CcrH), 106.2 (CcrFI), 106.4 (Ccr), 107.3 
(Ccr), 126.7-145.6 (m, Cm), 233.2 ppm (CEO); 5p MI (162 MHz, CDC13), 8.55 ppm 
(PPh2); MS (EI): m/z 486 (Mt, 13%), 430 (Mt - 2CO, 12), 402 (Mt - 3CO, 74), 301 (Mt - 
PPh2, 3), 288 (Mt - Cr(CO)3 — 20CH3, 54), 45 (CH3OCH2t, 100); elemental analysis 
calculated for C25H23O5PCr (486.03): C, 61.73%; H, 4.73%. Found: C, 61.77%; H, 
4.61%. 
(±)-Tricarbonyl[1-(1'-methoxy,l'-diphenylphoshine)methyl-2- 
(methoxymethyl)benzene]chromium(0) (±)-127 
OMe 
PPh2 
OMe 
(±)-127 
Complex 117 (0.7 g, 2.3 mmol) was dissolved in THE (10 cm3) and stirred under nitrogen 
at -78 °C prior to the careful addition of tert-butyllithium (1.77 cm3, 1.7M in diethyl 
ether, 3.0 mmol). After the reaction was stirred for a further 90 min at -78 °C, 
chlorodiphenylphosphine (1.24 cm3, 6.9 mmol) was introduced in one portion and the 
reaction mixture was stirred for a further 1 h. Isopropanol (2 cm3) was then used to 
quench the reaction and the solvent was removed in vacuo. Purification of the crude 
product by flash column chromatography (Si02, hexane-diethyl ether, 100:0-90:10 
gradient elution) yielded the title complex (±)-127 as a yellow solid (1.09 g, 97%); 1H, 
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(+)-128 
(0C)3Cf 
13C and 31P NMR data were identical to those obtained for (+)-127, and HPLC analysis 
using the conditions given for (+)-127 revealed a 1:1 mixture of enantiomers. 
(+)-(1S,1'R)-Tricarbonyl[1-(1'-methoxy,l'-di-iso-propylphosphine)methyl-2-
(methoxymethyl)benzene]chromium(0) (+)-128 
OMe 
n-Butyllithium (0.54 cm3, 2.5M in hexanes, 1.34 mmol) was added carefully to a solution 
of diamine (+)-27 (281 mg, 0.67 mmol), in THF (15 cm3) at -78 °C and the solution was 
allowed to reach room temperature over a period of 30 min. The deep red solution was 
then re-cooled to -78 °C and a solution of heat gun dried lithium chloride (28.5 mg, 0.67 
mmol) in THF (10 cm3) was introduced via a cannula. Stirring was continued for a 
further 5 min before a solution of complex 117 (200 mg, 0.67 mmol) in THF (2 cm3) was 
also introduced to the reaction mixture via a cannula. After 30 min stirring at -78 °C, di-
iso-propylchlorophosphine (0.32 cm3, 2.01 mmol) was added and stirring was continued 
for a further 1 h at -78 °C before isopropanol (2 cm3) was used to quench the reaction and 
the solvent removed in vacuo. Purification of the crude product by flash column 
chromatography (Si02; hexane-diethyl ether, 100:0-95:5 gradient elution) yielded the title 
complex (+)-128 as an orange oil (193 mg, 69%). [a]D2° = +32 (c 0.002, CH2Cl2). 
Enantiomeric excess was determined by HPLC analysis (Chiralcel OD-H, n- 
hexaneliPrOH, 99:1, 0.5 mL/min, 330 nm); 	1 'R)-enantiomer tr = 9.02 min (minor); 
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(0C)3C( 
(2S, 1"R)-enantiomer tr = 9.98 min (major): 99% ee. vmax(neat)/cm-1 1965s, 1883s, (CO); 
SH (500MHz, CDC13), 1.00-1.19 (12H, m, P[CH(CH3)2][CH(CH3)2]), 1.92-1.95 (1H, m, 
PCH(CH3)2), 2.23 (1H, q, J= 7, PCH(CH3)2), 3.50 (3H, s, OCH3), 3.60 (3H, s, OCH3), 
4.32 (2H, s, CH(OMe)), 4.60-4.65 (1H, m, CH(P'Pr2)OMe), 5.31 (1H, t, J = 6, Cct-F), 
5.43 (1H, t, J= 6, Co-H), 5.56 (1H, d, J= 6, CoH), 5.77 (1H, d, J= 6, Co-H); Sc {1H} 
(125 MHz, CDC13), 19.7-22.4 (PCH[CH3]2), 59.3 (CH2OCH3), 60.7 (CH(P'Pr2)0CH3), 
69.9 (CH2OCH3), 70.0 (d, J = 14, CH(P'Pr2)0CH3), 90.3 (Co-H), 93.4 (CcrH), 106.0-
108.7 (Coll), 233.3 (C-0); Sp {'H} (202 MHz, CDC13) 26.7 (P1Pr2); m/z (El) 418 (M+, 
41%), 390 (M+ - CO, 30), 362 (M+ - 2CO, 58), 334 (M+ - 3CO, 100), 220 (Mt - Cr(CO)3  
— 20CH3, 43); elemental analysis calculated for C19H2705PCr (418.24): C, 54.54%; H, 
6.46%; found: C, 54.61%; H, 6.46%. 
(±)-Tricarbonyl[1-(1'-methoxy,r-di-iso-propylphosphine)methyl-2-
(methoxymethyl)benzenelchromium(0) (4)-128 
OMe 
P'Pr2  
OMe 
(±)-128 
Complex 117 (250 mg, 0.83 mmol) was dissolved in THE (15 cm3) and stirred under 
nitrogen at -78 °C prior to the careful addition of tert-butyllithium (0.63 cm3, 1.7M in 
diethyl ether, 1.07 mmol). After the reaction was stirred for a further 90 min at -78 °C, di-
iso-propylchlorophosphine (0.36 cm3, 2.48 mmol) was introduced in one portion and the 
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(0C)3Cr 
reaction mixture was stirred for a further 1 h. Methanol (1 cm3) was then used to quench 
the reaction and the solvent was removed in vacuo. Purification of the crude product by 
flash column chromatography (S102, hexane-diethyl ether, 100:0-95:5 gradient elution) 
yielded the title complex (±)-128 as an orange oil (261 mg, 75%); 1H, 13C and 31P NMR 
data were identical to those obtained for (+)-128, and HPLC analysis using the conditions 
given for (+)-128 revealed a 1:1 mixture of enantiomers. 
(+)-(1S,1'R)-Tricarbonyl[1-(1'-methoxy,l'-di-tert-butylphosphine)methy1-2-
(methoxymethyl)benzene]chromium(0) (+)-129 
OMe 
P'Bu2  
OMe 
(+)-129 
n-Butyllithium (1.19 cm3, 2.5M in hexanes, 2.98 mmol) was added carefully to a solution 
of diamine (+)-27 (626 mg, 1.49 mmol), in THF (10 cm3) at -78 °C and the solution was 
allowed to reach room temperature over a period of 30 min. The deep red solution was 
then re-cooled to -78 °C and a solution of heat gun dried lithium chloride (63 mg, 1.49 
mmol) in THF (10 cm3) was introduced via a cannula. Stirring was continued for a 
further 5 min before a solution of complex 117 (450 mg, 1.49 mmol) in THF (5 cm3) was 
introduced to the reaction mixture via a cannula. After 30 min stirring at -78 °C, di-tert-
butylchlorophosphine (0.85 cm3, 4.47 mmol) was added and the solution was allowed to 
reach room temperature. Stirring was continued for a further 18 h at room temperature 
before isopropanol (2 cm3) was added and the solvent removed in vacuo. Purification of 
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the crude product by flash column chromatography (SiO2, hexane-diethyl ether, 100:0-
95:5 gradient elution) yielded the title complex (+)-129 as a orange oil (452mg, 68%). 
[a]D2° = + 4.3 (c 0.001, CH2C12). Enantiomeric excess was determined by HPLC analysis 
(Chiralcel OD-H, n-hexaneiPrOH, 99:1, 0.5 mL/min, 330 nm); (1S, l'R)-enantiomer tr = 
8.50 min (minor); (2S, 1"R)-enantiomer tr = 10.12 min (major): 99% ee; vmax(neat)/crril 
1965s, 1885s (CO); 81/ (400MHz, CDC13), 1.09-1.37 (18H, m, P[C(CH3)3][C(CH3)3]), 
3.53 (3H, s, OCH3), 3.66 (3H, s, OCH3), 4.31 (1H, d, J= 3, CHHOMe), 4.79 (1H, d, J-
3, CHHOMe), 4.90 (1H, s, CH(PtBu2)OMe), 5.37-5.41 (21-I, m, CcrH), 5.67 (1H, d, J= 6, 
CcrH), 5.89 (11-1, d, J= 6, CcrH); 8c  {1H} (100 MHz, CDC13), 30.6-35.1 (PC[CH3]3) 59.4, 
60.2 (CH2OCH3), (CH(PtBu2)OCH3), 70.4 (d, J = 20, CH(PtBu2)OCH3), 80.4 
(CH2OCH3), 90.5-93.2 (Co-H), 105.7 (Cc,H), 110.3 (CcrH), 233.5 (CEO); öp {'H} (162 
MHz, CDC13) 48.1 (PtBu2); m/z (EI) 446 (M+, 10%), 390 (Mt 2CO, 22), 362 (Mt 3CO, 
67), 310 (Mt Cr(CO)3, 3), 301 (M+ - PtBu2, 8), 165 (Mt Cr(CO)3 - PtBu2, 33), 57 
(C(CH3)3, 100); HRMS (El), calcd for C21H31O5PCr, M+: 446.1314, found 446.1302. 
120 
(±)-Tricarbonyl[1-(1'-methoxy,l'-di-tert-butylphosphine)methyl-2-
(methoxymethypbenzene]chromium(0) (±)-129 
OMe 
(±)-129 
Complex 117 (200 mg, 0.66 mmol) was dissolved in THE (5 cm3) and stirred under 
nitrogen at -78 °C prior to the careful addition of tert-butyllithium (0.51 cm3, 1.7M in 
diethyl ether, 0.86 mmol). The reaction was then stirred for a further 90 min at -78 °C, 
before di-tert-butylchlorophosphine (0.35 cm3, 1.99 mmol) was introduced in one 
portion. The reaction mixture was allowed to reach room temperature before being stirred 
for a further 18 h. iso-Propanol (2 cm3) was then used to quench the reaction and the 
solvent was removed in vacuo. Purification of the crude product by flash column 
chromatography (Si02; hexane-diethyl ether, 100:0-95:5 gradient elution) yielded the title 
complex (±)-129 as an orange oil (189 mg, 64%); 1H, 13C and 31P NMR data were 
identical to those obtained for (+)-129, and HPLC analysis using the conditions given for 
(+)-129 revealed a 1:1 mixture of enantiomers. 
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Tricarbonyl(1,2-dibenzyloxymethyl benzene)chromium(0) 130 
OBn 
OBn 
130 
Complex 124 (3.35 g, 12.2 mmol) was stirred in anhydrous benzyl alcohol (100 cm3) 
before the careful addition of sulfuric acid (3.0 cm3). The reaction mixture was then 
stirred for 18 h at room temperature. The reaction was quenched with a saturated solution 
of Na2CO3 (40 cm3). The two layers were separated and the aqueous layer was extracted 
with diethyl ether (2 x 20 cm3). The organic layers were combined and dried (MgSO4), 
before filtration and the removal of the solvent in vacuo to give a yellow oil. The crude 
product was purified by flash column chromatography (Si02; hexane-diethyl ether; 98:2) 
to produce complex 130 as a yellow oil (4.60 g, 83%). IR: vmax(neat, cm-1) 1964s, 1882s 
(CO); 51/ (400 MHz, CDC13), 4.20 (2H, d, J = 12, CcrCHHOBn), 4.50 (2H, d, J = 12, 
CcrCHHOBn), 4.58 (2H, d, J= 12, OCHHPh), 4.66 (2H, d, J= 12, OCHHPh), 5.34-5.36 
(2H, m, CcrH), 5.54-5.57 (2H, m, CcrH), 7.37-7.41 ppm (10H, m, 2C6H5); 8c {1H} (100 
MHz, CDC13), 68.0 (CcrCH20Bn), 73.2 (OCH2Ph), 91.7 (CcrH), 93.1 (CcrH), 106.2-
137.4 (m, Co- and 006H5), 232.6 ppm (CEO); MS (EI): m/z 454 (M+, 31%), 398 (M+ - 
2CO, 12), 370 (M+ - 3CO, 28), 279 (M+ - 3C0 - CH2(C6H5), 26), 91 (CH2(C6H5), 100); 
elemental analysis calculated for C251-12205Cr (454.11): C 66.08%, H 4.85%; found: C 
66.18%, H 4.90%. 
122 
(0C)3Cr 
(+)-(1S,1'R)-Tricarbonyl[1-(1'-benzyloxy,l'-diphenylphosphine)methyl-2-
(benzyloxymethyl)benzenelchromium(0) (+)-131 
OBn 
(+)-131 
n-Butyllithium (2.66 cm3, 2.5M in hexanes, 6.65 mmol) was added carefully to a solution 
of diamine (+)-27 (1.40 g, 3.33 mmol), in THF (20 cm3) at -78 °C and the solution was 
allowed to reach room temperature over a period of 30 min. The deep red solution was 
then re-cooled to -78 °C and a solution of heat gun dried lithium chloride (141 mg, 3.33 
mmol) in THF (20 cm3) was introduced via a cannula. Stirring was continued for a 
further 5 min before a solution of complex 130 (1.51 g, 3.33 mmol) in THF (10 cm3) was 
also introduced to the reaction mixture via a cannula. After 30 min stirring at -78 °C, 
chlorodiphenylphosphine (1.79 cm3, 9.98 mmol) was added and stirring was continued 
for a further 1 h at -78 °C before iso-propanol (1 cm3) was used to quench the reaction 
and the solvent was removed in vacuo. Purification of the crude product by flash column 
chromatography (Si02; hexane-diethyl ether, 98:2-9:1 gradient elution) yielded the title 
complex (+)-131 as an orange oil (1.93 g, 91%). [a]D2° = +107 (c 0.003, CH2C12); 
enantiomeric excess was determined by HPLC analysis (Column, n-hexane/iPrOH, 99:01, 
0.5 mL/min, 330 nm); (1S, 1'R)-enantiomer = 13.46 min (major); (2R, 2'S)-enantiomer 
tr = 17.39 min (minor): 97% ee; IR: vmax(neat, cm-I) 1967s, 1889s (CO); .3H (400 MHz, 
CDC13), 4.21 (1H, d, J= 12, CcrCHHOBn), 4.53 (1H, d, J= 12, CcrCHHOBn), 4.62 (2H, 
d, J= 12, OCHHPh), 4.75 (2H, d, J= 12, OCHHPh), 5.04-5.06 (2H, m, Ccr11), 5.40-5.44 
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(2H, m, Co-H), 5.51 (1H, d, J= 6, CH(OBn)PPh2) 7.17-7.60 ppm (20H, m, P(C6H5)2 and 
2C6H5); 8c {1H} (100 MHz, CDC13), 74.3 (CcrCH20Bn), 74.7, 76.8 (OCH2Ph), 77.0 
(CcrCH(PPh2)0Bn), 89.6 (Coll), 89.7 (CcrH), 91.7 (CcrH), 94.0 (CcrH), 106.9-137.6 (m, 
Cc„ P(C6H5)2 and 006H5), 233.4 ppm (CEO); 8p {'H} (162 MHz, CDC13) 9.75 ppm 
(PPh2); MS (CI): m/z 639 (MH+, 4%), 503 (MH+ - Cr(CO)3, 87), 317 (M+ - Cr(CO)3 - 
PPh2, 42), 119 (COBn+, 100); elemental analysis calculated for C37H31O5PCr (638.03): C 
69.59%, H 4.86%; found: C 69.64%, H 4.92%. 
(±)-Tricarbony111-(1%benzyloxy,l'-diphenylphoshine)methyl-2-(benzyloxymethyl) 
benzene]chromium(0) (±)-131 
OBn 
(±)-131 
Complex 130 (755 mg, 1.66 mmol) was dissolved in THE (15 cm3) and stirred under 
nitrogen at -78 °C prior to the careful addition of tert-butyllithium (1.27 cm3, 1.7M in 
diethyl ether, 2.16 mmol). The reaction was then stirred for a further 90 min at -78 °C, 
before chlorodiphenylphosphine (0.90 cm3, 4.99 mmol) was introduced in one portion. 
The reaction mixture was allowed to reach room temperature before being stirred for a 
further 1 h. /so-propanol (1 cm3) was then used to quench the reaction and the solvent 
was removed in vacuo. Purification of the crude product by flash column chromatography 
(Si02; hexane-diethyl ether, 98:2-9:1 gradient elution) yielded the title complex (±)-131 
as an orange oil (789 mg, 83%); 1H, 13C and 31P NMR data were identical to those 
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obtained for (+)-131, and HPLC analysis using the conditions given for (+)-131 revealed 
a 1:1 mixture of enantiomers. 
(-)-(1S,VR,2R,2'S)-Tricarbonyl[1-(1'-methoxy,1'-diphenylphoshine)methyl-2-(2% 
methoxy,2'-methyl)methylbenzene]chromium(0) (-)-133 
(0C)3Cr  
OMe 
Me 
PPh2 
OMe 
(-)-133 
Complex (+)-127 (500 mg, 1.03 mmol) was dissolved in THE (20 cm3) and stirred under 
nitrogen at -40 °C prior to the careful addition of t-butyllithium (0.79 cm3, 1.7M in 
diethyl ether, 1.34 mmol). After the reaction was stirred for a further 90 min at -40 °C, 
iodomethane (0.19 cm3, 3.08 mmol) was introduced in one portion and the reaction 
mixture was stirred for a further 1 h. Isopropanol (2 cm3) was then used to quench the 
reaction and the solvent was removed in vacuo. Purification of the crude product by flash 
column chromatography (Si02; hexane-diethyl ether, 100:0-90:10 gradient elution) 
yielded the title complex (-)-133 as a yellow solid (405 mg, 79%). [a]D20 -109 (c 0.004, 
CH2C12). mp: 103-105 °C. Enantiomeric excess was determined by HPLC analysis 
(Chiralcel AD, n-hexane/iPrOH, 99:1, 0.5 mL/min, 330 nm); (1S, 1'R)-enantiomer tr = 
12.96 min (minor); (2S, 2'R)-enantiomer tr = 15.41 min (major): 99% ee; vniax(neat)/cm-1  
1964s, 1887s, (CO); SH (400 MHz, CDC13), 1.58 (3H, d, J = 6, CHOCH3), 3.53 (6H, s, 
OCH3), 4.33 (1H, q, J = 6, CH(Me)OMe), 4.96-5.02 (2H, m, CcrI-1), 5.24 (1H, d, J = 5, 
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CH(PPh2)OCH3), 5.36-5.44 (2H, m, CcrH), 7.28-7.59 (10H, m, PPh2); Sc {'H} (125 
MHz, CDC13), 21.7 (CH(OCH3)CH3), 57.1 (CH(Me)OCH3), 60.8 (CH(PPh2)OCH3), 73.3 
(CH2(Me)OCH3), 79.3 (d, J= 22, CH(PPh2)OCH3), 88.7-93.4 (CcrH), 128.0-136.7 (CAO, 
233.1 (CEO); 03p {'H} (162 MHz, CDC13) 9.89 (PPh2); m/z (El) 500 (Mt, 21%), 472 (Mt 
- CO, 40), 416 (Mt - 3CO3 58), 302 (Mt - Cr(CO)3 — 20CH3, 62), 147 (Mt - Cr(CO)3 - 
PPh2 - HOCH3, 100); Anal. Calcd for C26H25O5PCr (500.25): C, 62.40%; H, 5.00%. 
Found: C, 62.27%; H, 4.94%. 
(±)-Tricarbonyl[1-(1'-methoxy,l'-diphenylphoshine)methyl-2-(2'-methoxy,2'-
methyl)methyl benzene]chromium(0) (1)-133 
OMe 
(±)-133 
Complex (±)-127 (265 mg, 0.54 mmol) was dissolved in THE (10 cm3) and stirred under 
nitrogen at -40 °C prior to the careful addition of t-butyllithium (0.41 cm3, 1.7M in 
diethyl ether, 0.71 mmol). After the reaction was stirred for 90 min at -40 °C, 
iodomethane (0.10 cm3, 1.63 mmol) was introduced in one portion and the reaction 
mixture was stirred for a further 1 h. Isopropanol (2 cm3) was then used to quench the 
reaction and the solvent was removed in vacuo. Purification of the crude product by flash 
column chromatography (SiO2; hexane-diethyl ether, 100:0-90:10 gradient elution) 
yielded the title complex (±)-133 as a yellow solid (215 mg, 80%). 'H, 13C and 31P NMR 
data were identical to those obtained for (-)-133, and HPLC analysis using the conditions 
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given for (-)-133 revealed a 1:1 mixture of enantiomers. 
(-)-(1R,1'S,2S,2'R)-Tricarbonyl[1-(1'-methoxy,l'-diphenylphoshine)methyl-2-(2'-
methoxy,2'-trimethylsily1)methyl benzene]chromium(0) (-)-134 
OMe 
SiMe3  
PPh2  
OMe 
(-)-134 
Complex (+)-127 (500 mg, 1.03 mmol) was dissolved in THE (20 cm3) and stirred under 
nitrogen at -40 °C prior to the careful addition of t-butyllithium (0.79 cm3, 1.7M in 
diethyl ether, 1.34 mmol). After the reaction was stirred for 90 min at -40 CC, 
chlorotrimethylsilane (0.39 cm3, 3.09 mmol) was introduced in one portion and the 
reaction mixture was stirred for a further 1 h. Isopropanol (2 cm3) was then used to 
quench the reaction and the solvent was removed in vacuo. Purification of the crude 
product by flash column chromatography (Si02; hexane-diethyl ether, 100:0-90:10 
gradient elution) yielded the title complex (-)-134 as a yellow solid (264 mg, 46%). 
[cc]D2° = -56 (c 0.002 , CH2C12); mp: 85-87 °C; enantiomeric excess was determined by 
HPLC analysis (Chiralcel AD, n-hexane/PrOH, 99:1, 0.5 mL/min, 330 nm); (1S, 1 'R)-
enantiomer tr = 21.17 min (minor); (25, 2'R)-enantiomer tr = 24.33 min (major): 96% 
ee; v.(CH2C12)/cm-1 1961s, 1884s (CO); 81-1 (400 MHz, CDC13), 0.26 (9H, s, Si(CH3)3), 
3.65, 3.42 (3H, s, OCH3), 3.99 (1H, s, CH(SiMe3)OMe), 5.04-5.09 (2H, m, 	5.13 
(1H, m, CH(PPh2)OCH3), 5.24-5.33 (2H, m, CcrH), 7.37-7.68 ppm (10H, m, PPh2); 8c 
{'H} (100 MHz, CDC13), -0.8 (Si(CH3)3), 60.7, 61.8 (CH(SiMe3)OCH3), 
127 
(CH(PPh2)0CH3), 72.3 (C1-12(SiMe3)0CH3), 82.0 (CH(PPh2)0CH3), 90.0-110.6 (CoE), 
128.1-136.7 (P(C6H5)2 and Co.), 233.7 (CEO); 8p {1H} (162 MHz, CDC13) 6.24 (PPh2); 
MS (CI): m/z 559 (Mt, 5%), 530 (Mt - CO, 5), 423 (Mt - Cr(CO)3, 42), 373 (MEI+ - PPh2, 
85), 237 (Mt - Cr(CO)3 - PPh2, 100); elemental analysis calculated for C28H31O5PSiCr 
(558.08): C, 60.22%; H, 5.56%. Found: C, 60.12%; H, 5.38%. 
(±)-Tricarbony111-(1'-methoxy,r-diphenylphoshine)methyl-2-(2'-methoxy,2'-
trimethylsilyl)methyl benzene]chromium(0) (±)-134 
OMe 
(0C)3C(  
SiMe3 
PPh2 
OMe 
(±)-134 
Complex (±)-127 (400 mg, 0.82 mmol) was dissolved in THE (20 cm3) and stirred under 
nitrogen at -40 °C prior to the careful addition of t-butyllithium (0.62 cm3, 1.7M in 
diethyl ether, 1.07 mmol). After the reaction was stirred for 90 min at -40 °C, 
chlorotrimethylsilane (0.31 cm3, 2.47 mmol) was introduced in one portion and the 
reaction mixture was stirred for a further 1 h. Isopropanol (2 cm3) was then used to 
quench the reaction and the solvent was removed in vacuo. Purification of the crude 
product by flash column chromatography (Si02, hexane-diethyl ether, 100:0-90:10 
gradient elution) yielded the title complex (±)-134 as a yellow solid (215 mg, 80%). 1H, 
13C and 31P NMR data were identical to those obtained for (-)-134, and HPLC analysis 
using the conditions given for (-)-134 revealed a 1:1 mixture of enantiomers. 
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(OC)3Cr 
(+)-(1S,1'R,2R,2'S)-Tricarbonyl[1-(1'-methoxy,l'-diphenylphoshine)methyl-2-(2'-
methoxy,2'-benzyloxymethyl)methyl benzene]chromium(0) (+)-136 
OMe 
(+)-136 
Complex (+)-127 (500 mg, 1.03 mmol) was dissolved in THE (20 cm3) and stirred under 
nitrogen at -40 °C prior to the careful addition of t-butyllithium (0.79 cm3, 1.7M in 
diethyl ether, 1.34 mmol). After the reaction was stirred for a further 90 min at -40 °C, 
benzyl chloromethyl ether (0.43 cm3, 3.09 mmol) was introduced in one portion and the 
reaction mixture was stirred for a further 18 h. Isopropanol (2 cm3) was then used to 
quench the reaction and the solvent was removed in vacuo. Purification of the crude 
product by flash column chromatography (Si02, hexane-diethyl ether, 100:0-95:05 
gradient elution) yielded the title complex (+)-136 as a red oil (362 mg, 58%). [4)20 
+119 (c 0.003, CH2Cl2); enantiomeric excess was determined by HPLC analysis 
(Chiralcel AD, n-hexanetPrOH, 99:1, 0.5 mL/min, 330 nm); (1S, 1'R)-enantiomer tr = 
22.64 min (minor); (2S, 2'R)-enantiomer tr = 31.17 min (major): 97% ee; 
IR: vmax(neat)/cm-1 1982s, 1911s (CO); 6H (400 MHz, CDC13), 3.51 (3H, s, OCH3), 3.73-
3.76 (4H, m, OCH3, CHHOBn), 4.22 (1H, m, CHHOBn), 4.49 (1H, d, J = 6 Hz, 
CH(PPh2)OCH3), 4.63 (2H, s, OCH2Ph), 4.91-5.52 (5H, m, CH(CH2OBn)OMe, Co-), 
7.10-7.57 (15H, m, OCH2(C6H5) and PPh2); 8c {'H} (100 MHz, CDCI3), 59.4, 61.1 
(CH(CH2OBn)OCH3), (CH(PPh2)OCH3), 73.4, 74.5 (CH2(CH20Bn)OCH3), 
(CH(PPh2)OCH3), 89.9-109.5 (Coll), 127.7-138.1 (CH2C6H5 and CAr), 233.1 ppm 
129 
n 
(CO); 8p {1H} (162 MHz, CDCI3) 10.33 (PPh2); MS (EI): m/z 607 (MH+, 11%), 471 
(MH+ - Cr(CO)3, 64), 316 (M+ - Cr(CO)3 - 2Ph, 100); elemental analysis calculated for 
C33H31O6PCr (606.11): C, 65.35%; H, 5.12%; found: C, 65.42%; H, 4.97%. 
(±)-Tricarbonyl[1-(1'-methoxy,l'-diphenylphoshine)methy1-2-(2'-methoxy,2'-
benzoxylmethyl)methyl benzene]chromium(0) (±)-136 
OMe 
n 
(±)-136 
 
Complex (±)-127 (300 mg, 0.62 mmol) was dissolved in THE (10 cm3) and stirred under 
nitrogen at -40 °C prior to the careful addition of t-butyllithium (0.47 cm3, 1.7M in 
diethyl ether, 0.80 mmol). After the reaction was stirred for 90 min at -40 °C, benzyl 
choloromethyl ether (0.26 cm3, 1.85 mmol) was introduced in one portion and the 
reaction mixture was stirred for a further 1 h. Isopropanol (1 cm3) was then used to 
quench the reaction and the solvent was removed in vacuo. Purification of the crude 
product by flash column chromatography (Si02; hexane-diethyl ether, 100:0-95:05 
gradient elution) yielded the title complex (±)-136 as a red oil (124 mg, 33%). 1H, 13C 
and 31P NMR data were identical to those obtained for (+)-136, and HPLC analysis using 
the conditions given for (+)-136 revealed a 1:1 mixture of enantiomers. 
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(OC)3Cr 
(+)-(1S,VR,2R,2'S)-Tricarbonyl[1-(1'-methoxy,l'-diphenylphoshine)methyl-2-(2'-
methoxy,2'-2-pyridylmethyl)methyl benzene]chromium(0) (+)-137 
(+)-137 
Complex (+)-127 (500 mg, 1.03 mmol) was dissolved in THF (20 cm3) and stirred under 
nitrogen at -40 °C prior to the careful addition of t-butyllithium (0.79 cm3, 1.7M in 
diethyl ether, 1.34 mmol). After the reaction was stirred for a further 90 min at -40 °C, 3-
bromomethylpyridine (530 mg, 3.08 mmol) in THF (10 cm3) was introduced in one 
portion and the reaction mixture was stirred for a further 1 h. Isopropanol (1 cm3) was 
then used to quench the reaction and the solvent was removed in vacuo. Purification of 
the crude product by flash column chromatography (Si02; hexane-diethyl ether, 100:0-
85:15 gradient elution) yielded the title complex (+)-137 as a yellow oil (405 mg, 79%). 
[0c]D2o = +56 (c 0.12, CH2C12); enantiomeric excess was determined by HPLC analysis 
(Chiralcel AD, n-hexane/iPrOH, 90:10, 0.7 mL/min, 330 nm); (1S, 1'R)-enantiomer tr = 
47.21 min (major); (2S, 2'R)-enantiomer tr = 55.33 min (minor): 98% 
ee; IR: vmax(neat)/cm-I 1964s, 1888s (CO); 6H (400 MHz, CDC13), 3.54 (6H, s, OCH3), 
3.67, 3.70 (1H, t, J = 3, CHCHHPy), 4.47 (1H, dd, J = 3, CH(CH2Py)OMe), 4.89 (1H, d, 
J = 6 Hz, CH(PPh2)OCH3), 5.03-5.22 (2H, m, CcrH), 7.24-7.65 (14H, m, CH2(C5H4N) 
and PPh2); 8c {'H} (125 MHz, CDC13), 40.2, 40.3 (CH(CH2Py)OCH3), 
(CH(PPh2)OCH3), 59.2, 61.4 (CI-12(CH2Py)OCH3), (CH(PPh2)OCH3), 90.1-110.6 (CcrF1), 
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(±)-137 
123.1-151.1 (CH2C5H4N and Cm), 233.2 ppm (CEO); Sp {'H} (162 MHz, CDC13) 9.54 
(PPh2); MS (CI): m/z 578 (MH+, 3), 442 (MH+ - Cr(CO)3, 100); elemental analysis 
calculated for C31H28O5PNCr (577.12): C, 64.47%; H, 4.85%; N, 2.43%; found: C, 
64.36%; H, 4.75%; N, 2.34%. 
(±)-Tricarbonyl[1-(1'-methoxy,r-diphenylphoshine)methyl-2-(2'-methoxy,r-2-
pyridylmethyl)methyl benzene]chromium(0) (±)-137 
Complex (±)-127 (300 mg, 0.62 mmol) was dissolved in THF (10 cm3) and stirred under 
nitrogen at -40 °C prior to the careful addition of t-butyllithium (0.47 cm3, 1.7M in 
diethyl ether, 0.80 mmol). After the reaction was stirred for 90 min at -40 °C, 3-
bromomethylpyridine (318 mg, 1.85 mmol) in THF (10 cm3) was introduced in one 
portion and the reaction mixture was stirred for a further 18 h. Isopropanol (2 cm3) was 
then used to quench the reaction and the solvent was removed in vacuo. Purification of 
the crude product by flash column chromatography (SiO2, hexane-diethyl ether, 100:0-
90:10 gradient elution) yielded the title complex (±)-137 as a yellow oil (486 mg, 82%). 
1H, 13C and 31P NMR data were identical to those obtained for (+)-137, and HPLC 
analysis using the conditions given for (+)-133 revealed a 1:1 mixture of enantiomers. 
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(+)-(R)-1-trichlorosilyl-1-phenyl ethane171 (+)-122 
(+)-122 
Pd(COD)C12 (7.25 mg, 0.025 mmol, 0.25mo1%) and ligand (+)-127 (24.3 mg, 0.05 mmol, 
0.5 mol%) were stirred in dry DCM (5 cm3) for 5 min before styrene (1.14 cm3, 10.0 
mmol) was added to the reaction. The resulting solution was then stirred at room 
temperature for 30 min before the addition of trichlorosilane (1.51 cm3, 15 mmol). The 
reaction mixture was then stirred at room temperature for a further 48 h under a slight 
pressure of nitrogen (ca 1.05 bar). Reduced pressure Kugelrohr distillation (bp: 160-170 
°C) afforded (+)-122 as a pale oil (2.38 g, 9.9 mmol, 99%). [a]D2° = +4.2 (c 0.01, CHC13). 
SH (360MHz, CDC13), 1.55 (3H, d, J= 8, (CH3)CH], 2.82 (1H, q, J= 8, CH(SiC13)(Me)), 
7.05-7.28 (m, 5H, HAr); Sc {I FI} (125 MHz, CDC13), 14.8 (CH3), 36.2 (CH(SiC13)(CH3)), 
126.9 (CA,CA,CA,CArCH(SiC13)(CH3)), 128.3 (CA,CArCArCH(SiC13)(CH3)), 128.6 
(CA,CA,CH(SiC13)(CH3)), 137.9 (CA,CH(SiC13)(CH3)). MS (ED: m/z 244 (Mt, Si37C13, 
5%), 242 (M+, Si37C1235C1, 33), 240 (1\44-, Si37C135C12, 89), 238 (M4, Si35C13, 94), 225 (Mt 
- CH3, 6), 135 (Mt - C13, 26), 105 (Mt - SiC13, 100). 
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OH 
(+)-(R)-1-phenylethanol (+)-123 
(+)-123 
(+)-(R)-1-trichlorosilyl-1-phenyl ethane (+)-122 (0.6g, 2.5 mmol) was poured onto a 
suspension of KF (0.87g, 15 mmol) and KHCO3 (1.5g, 15 mmol) in 40 cm3 of 
THF/Me0H (1:1) and stirred for 30 min. H202 (3 cm3, 27.5% w/w in H2O) was then 
added and stirred for 16h at room temperature. The reaction was quenched with a 
saturated sodium thiosulphate solution (12 cm3) and stirred for a further 1 h. The product 
was then extracted with chloroform (3 x 50 cm3) and the organic layers were washed with 
a saturated solution of NaC1 (50 cm3). The organic extracts were dried (MgSO4), filtered 
and concentrated in vacuo. The crude product was purified by flash using column 
chromatography (Si02; hexane/ethyl acetate, 85:15) to afford the alcohol (+)-123 as a 
pale oil (177 mg, 81%). Enantiomeric excess was determined by HPLC analysis 
(Chiralcel OD-H, n-hexane/i-PrOH, 90:10, 0.5mL/min, 254 nm); (S)-enantiomer tr=12.9 
2o = min (major); (R)-enantiomer tr=14.1 min (minor): 40% ee. [a]D+35.1 (c 0.001, 
CHC13). IR vmax(neat, cm-1): 3349b (OH); SH (360MHz, CDC13), 1.43 (3H, d, J = 7, 
(CH3 )CH], 1.77 [bs, 1H, OH], 3.40 (1H, q, J= 7, CH(OH)(Me)), 7.18-7.36 (m, 5H, HAr); 
Sc 	{ ' H} (90 MHz, CDC13) 25.6 (CH3), 70.8 (CH(OH)(CH3)), 125.8 
(CA,CA,CA,CArCH(OH)(CH3)), 	127.9 	(CArCArCArCH(OH)(CH3)), 	128.9 
(CA,CArCH(OH)(CH3)), 146.2 (CArCH(OH)(CH3)). MS (EI): m/z 122 (M+, 60%), 107 
(Mt CH3, 34), 79 (M+ - OHCCH3, 100), 77 (C6H5+, 71), 43 (CH3C0H+, 51). 
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6.4 	Experimental for Chapter Four 
Hexacarbonyl(dibenzyl ether)dichromium(0)153 140 
(0C)3Cr 	(0C)3Cr 
140 
A 500 cm3 round bottomed flask fitted with an air condenser, with a water condenser on 
top, was filled with dibenzyl ether (3.17 cm3, 16.7 mmol), hexacarbonylchromium(0) 
(11.0 g, 50.0 mmol), dry THE (20 cm3) and anhydrous di-n-butyl ether (100 cm3). The 
reaction was heated to 135 °C and stirred under a nitrogen atmosphere (ca. 1.05 bar) for 
72 h. The yellow reaction mixture was allowed to cool to room temperature before the 
solvent was removed in vacuo. Purification of the crude product by flash column 
chromatography (Si02; hexane-ethyl acetate, 100:0 - 8:2 gradient elution) afforded the 
title complex 140 as a yellow solid (6.67 g, 85%). Mp: 96-98 °C; IR: v.(CH2C12, cm-1) 
1970s, 1892s (CO); 81-1 (400 MHz, CDC13), 4.38 (4H, s, OCH2Ph), 5.32-5.43 ppm (10H, 
m, C6H5); 8c {'H} (100 MHz, CDC13), 71.2 (CH2OPh), 91.7-107.0 (C6H5), 232.6  ppm 
(CE-0); MS (CI): m/z 488 (MNH4÷, 75%), 470 (Mt, 2), 352 (MNH4+ - Cr(CO)3, 54), 227 
(M+ - OCH2Ph - Cr(CO)3, 100). 
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(+)-Hexacarbonyl((R)-1-benzylmethyloxy-2-(R)-ethylbenzene)dichromium(0)(+)-142 
(0C)3Cr 	(0C)3Cr 
(+)-142 
n-Butyllithium (0.51 cm3, 2.5M in hexanes, 1.28 mmol) was added carefully to a solution 
of diamine (+)-27 (2.68 g, 0.64 mmol), in THF (10 cm3) at -78 °C and the solution was 
allowed to reach room temperature over a period of 30 min. The deep red solution was 
then re-cooled to -78 °C and a solution of heat gun dried lithium chloride (27 mg, 0.64 
mmol) in THF (20 cm3) was introduced via a cannula. Stirring was continued for a 
further 5 min before a solution of complex 140 (150 mg, 0.32 mmol) in THF (10 cm3) 
was also introduced to the reaction mixture via a cannula. After 30 min stirring at -78 °C, 
methyl iodide (0.20 cm3, 3.19 mmol) was added and stirring was continued for a further 1 
h at -78 °C before iso-propanol (1 cm3) was used to quench the reaction and the solvent 
removed in vacuo. Purification of the crude product by flash column chromatography 
(Si02; hexane-diethyl ether, 100:0-8:2 gradient elution) yielded the title complex (+)-142 
as an orange oil (158 mg, 99%).  [a]D2° = +184 (c 0.001, CH2C12); enantiomeric excess 
was determined by HPLC analysis (Chiracel AD, n-hexanetPrOH, 95:5, 400 mL/min, 
330 nm); (S)-enantiomer ti. = 62.46 min (minor); (R)-enantiomer tr = 70.10 min (major): 
99% ee; IR: vmax(neat, cm 1)  1970s, 1891s (CO); 5H (500 MHz, CDC13), 1.50 (6H, d, J= 
7, OCH(CH3)Ph), 4.46 (2H, q, J= 7, OCH(CH3)Ph), 5.27-5.69 ppm (10H, m, C6H5); Sc 
{'H} (100 MHz, CDC13), 23.6 (OCH2(CH3)), 73.0 (OCH2(CH3)), 90.8-126.4 (C6H5), 
232.9 ppm (Ca0); MS (CI): m/z 516 (MNH4+, 21%), 380 (MNH4+ - Cr(CO)3, 12), 241 
136 
(MH+ - OCH2(CH3)Ph - Cr(CO)3, 100); elemental analysis calculated for C22H18O7Cr2  
(498.37): C 53.01%, H 3.61%; found: C 53.02%, I-I 3.70%. 
The opposite enantiomer (-)-142 was synthesised using the same procedure. n-
Butyllithium (0.95 cm3, 2.24M in hexanes, 2.13 mmol) was added to diamine (-)-27 (447 
mg, 1.06 mmol), in THF (10 cm3). The addition of lithium chloride (45 mg, 1.06 mmol) 
in THF (20 cm3) was followed by the introduction of complex 140 (250 mg, 0.53 mmol) 
in THF (10 cm3). After 30 min, methyl iodide (0.20 cm3, 3.19 mmol) was added and 
stirring was continued for a further 1 h at -78 °C before iso-propanol (1 cm3) was used to 
quench the reaction. Purification led to the title compound being obtained as an orange oil 
(240 mg, 91%). [cciD20 = -185 (c = 0.002 in CH2C12); 'H and 13C NMR data were identical 
to that obtained for (+)-27. 'H and 13C NMR data were identical to those obtained for (+)-
142, and HPLC analysis using an equimolar mix of (+)-142 and (-)-142 revealed a 1:1 
mixture of enantiomers. 
Dibenzyl-carbamic acid tert-butyl ester154 144 
144 
Di-tert-butyl-dicarbonate (10.0 g, 45.8 mmol) was dissolved in DCM (100 cm3) and 
cooled to 0 °C before dibenzylamine (8.81 cm3, 45.8 mmol) was added to the solution. 
The solution was stirred at 0 °C for a further 5 minutes before being allowed to warm to 
137 
N 
Boc 
(0C)3Cr 	(0C)3Cr 
143 
room temperature, where it was allowed to continue stirring for a further 1 hour. The 
solvent was then removed under reduced pressure and purification of the crude product 
by flash column chromatography (Si02; hexane-ethyl acetate, 8:2) yielded the title 
compound 144 as a colourless oil (13.6 g, 99%). IR: vmax(neat, cm-1) 1694 (CO); 8ll (400 
MHz, CD3CN), 1.48 (9H, s, C(CH3)3), 4.42 (4H, s, NCH2Ph), 7.26-7.39 ppm (10H, m, 
C6H5); Sc {1H} (100 MHz, CDC13), 28.5 (C(CH3)3), 49.2 (C(CH3)3), 80.1 (NCH2Ph), 
127.2-138.0 (CA,), 156.1 ppm (C=0); MS (CI): m/z 315 (MNH4+, 31%), 298 (MH+, 54), 
259 (MNH4+ - C(CH3)3, 100). 
Hexacarbonyl(dibenzyl-carbamic acid tert-butyl ester)dichromium(0) 143 
A 250 cm3 round bottomed flask fitted with an air condenser, with a water condenser on 
top, was filled with dibenzyl amine 144 (3.37 g, 11.4 mmol), hexacarbonylchromium(0) 
(7.5 g, 34.1 mmol), dry THE (20 cm3) and anhydrous di-n-butyl ether (100 cm3). The 
reaction was heated to 135 °C and stirred under a nitrogen atmosphere (ca. 1.05 bar) for 
120 h. The yellow reaction mixture was allowed to cool to room temperature before the 
solvent was removed in vacuo. Purification of the crude product by flash column 
chromatography (Si02; hexane-ethyl acetate, 7:3) afforded the title complex 143 as a 
yellow solid (3.03 g, 47%). mp: 64-66 °C; IR: vmax(CH2C12, cm-1) 1970s, 1894s (CO); 611 
(400 MHz, CDC13), 1.53 (9H, s, C(CH3)3),  4.23 (2H, s, NCH2Ph), 4.28 (2H, s, NCH2Ph), 
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5.35 ppm (10H, m, C61-15). Sc {'H} (100 MHz, CDC13), 28.3 (C(CH3)3), 49.4  (C(CH3)3), 
81.9 (NCH2Ph), 92.2-107.0 (Car), 155.2 (C=0), 232.5 ppm (C0); MS (CI): m/z 587 
(MNH4+, 5%), 531 (MNH4+ -2CO, 8), 451 (MNH4+- Cr(CO)3, 6), 395 (MNH4+ -Cr(CO)3  
-2CO, 48), 315 (MNFI4+ - 2Cr(CO)3, 47), 285 (MNI-14+ - 2Cr(CO)3 - 2Me, 97), 52 (Cr, 
100); HRMS (CI), calculated for C25H371\1208Cr2, MNH4+: 587.0578, found 587.0629. 
(+)-Hexacarbonyl(di-(R)-2-phenyl-ethyl-carbamic 	acid 	tert-butyl 	ester) 
dichromium(0) (+)-145 
N 
Boc 
(0C)3Cr:  
(+)-145 
(0C)3Cr.  
n-Butyllithium (0.51 cm3, 2.5M in hexanes, 1.28 mmol) was added carefully to a solution 
of diamine (+)-27 (2.68 g, 0.64 mmol), in THF (10 cm3) at -78 °C and the solution was 
allowed to reach room temperature over a period of 30 min. The deep red solution was 
then re-cooled to -78 °C and a solution of heat gun dried lithium chloride (27 mg, 0.64 
mmol) in THF (20 cm3) was introduced via a cannula. Stirring was continued for a 
further 5 min before a solution of complex 143 (150 mg, 0.32 mmol) in THF (10 cm3) 
was also introduced to the reaction mixture via a cannula. After 90 min stirring at -78 °C, 
methyl iodide (0.20 cm3, 3.19 mmol) was added and stirring was continued for a further 1 
h at -78 °C before iso-propanol (1 cm3) was used to quench the reaction and the solvent 
removed in vacuo. Purification of the crude product by flash column chromatography 
(Si02, hexane-diethyl ether, 100:0-8:2 gradient elution) yielded the title complex (+)-145 
139 
as an orange oil (158 mg, 99%). [a]  Dap = +98 (c 0.002, CH2C12); IR: vmax(neat, cm-1) 
1968s, 1892s (CO); 8H (400 MHz, CDC13), 1.47-1.57 (15H, m, C(CH3)3, CH3), 3.50 (2H, 
q, J = 7, NCH(CH3)), 5.15-5.39 ppm (10H, m, Ccr); 8c {'H} (100 MHz, CDC13), 15.9 
(CH3), 28.4 (C(CH3)3), (C(CH3)3), 81.8 (NCH(CH3)), 90.6-110.7 (CA,), 126.6 (C=0), 
232.4 ppm (CEO); MS (ED: m/z 597 (Mt, 6%), 583 (Mt -CH2, 31), 555 (Mt - CH2 - CO, 
40), 499 (Mt - CH2 - 3CO3 32), 471 (Mt - CH2 - 4CO, 41), 415 (Mt - CH2 - 6CO, 35), 
363 (Mt - CH2 - Cr(CO)3 - 3CO, 56), 307 (Mt - CH2 - Cr(CO)3 - 3C0 - C(CH3)3, 100); 
elemental analysis calculated for C27H2708NCr2 (597.05): C 54.27%, H 4.52%, N 2.35%; 
found: C 54.31%, H 4.45%, N 2.29%. 
The opposite enantiomer (-)-142 was synthesised using the same procedure. n-
Butyllithium (0.95 cm3, 2.24M in hexanes, 2.13 mmol) was added to diamine (-)-27 (447 
mg, 1.06 mmol), in THF (10 cm3). The addition of lithium chloride (45 mg, 1.06 mmol) 
in THF (20 cm3) was followed by the introduction of complex 143 (250 mg, 0.53 mmol) 
in THF (10 cm3). After 90 min, methyl iodide (0.20 cm3, 3.19 mmol) was added and 
stirring was continued for a further 1 h at -78 °C before iso-propanol (1 cm3) was used to 
quench the reaction. Purification led to the title compound being obtained as an orange oil 
(240 mg, 91%). [a]D2° = -95 (c = 0.001 in CH2C12); 'H and 13C NMR data were identical 
to those obtained for (+)-142. 
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(+)-Di-(R)-2-phenyl-ethyl-carbamic acid tert-butyl ester (+)-146 
(+)-146 
(+)-145 (100 mg, 0.17 mmol) was dissolved in DCM and stirred in the presence of air 
and light for a period of 48 hours, after which time the solvent was removed in vacuo. 
Purification of the crude product by flash column chromatography (SiO2; hexane-ethyl 
acetate, 95:5) afforded the title complex (+)-146 as a colourless oil (46 mg, 85%). [a]D2°  
= +172 (c 0.002, CH2C12); IR: vmax(neat, cm-I) 1681s (CO); 8H (400 MHz, CDC13), 1.21-
1.61 (15H, m, C(CH3)3, CH3), 3.50 (2H, q, J = 7, NCH(CH3)), 7.16-7.35 ppm (10H, m, 
CAr); 8c {'H} (100 MHz, CDC13), 15.3 (CH3), 28.4 (C(CH3)3), 29.7 (C(CH3)3), 79.9 
(NCH(CH3)), 126.5-128.3 (CAr), 156.2 ppm (C=0); MS (CI): m/z 326 (WI+, 22%), 312 
(MH+ - CH2, 96), 256 (MH4+ - OC(CH3)3 - CH2, 35), 212 (MNH4+ - COOC(CH3)3 -
2CH3,100); elemental analysis calculated for C211-12702N (325.20): C 77.54%, H 8.31%, 
N 4.31%; found: C 77.57%, H 8.15%, N 4.31%. 
The opposite enantiomer (-)-146 was synthesised using the same procedure. 
Decomplexation of (-)-145 (100 mg, 0.17 mmol) in DCM in the presence of light and air 
led to the product being obtained as a colourless oil (40 mg, 74%). [a]D20 = -172 (c = 
0.001 in CH2C12); 'H and 13C NMR data were identical to those obtained for (+)-146, and 
HPLC analysis using an equimolar mix of (+)-146 and (-)-146 revealed a 1:1 mixture of 
enantiomers. 
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6.5 	Experimental for Chapter Five 
Trimethylbenzene-1,3,5-carboxylate163 158 
MeO 
0 OMe 
0 
158 
A 250 cm3 flask was filled with 1,3,5-benzene tricarboxylic acid (10.0 g, 48.0 mmol) and 
methanol (100 cm3). The solution was then stirred at room temperature and sulfuric acid 
(2.0 cm3) was carefully added to the solution. A water condenser was added to the flask 
and the solution was heated at reflux for 24 h, before being allowed to cool to room 
temperature. The reaction mixture was neutralized using a saturated solution of sodium 
hydrogencarbonate (100 cm3). After transfer of the solution to a separating funnel, the 
layers were partitioned and the aqueous layer was extracted with diethyl ether (3 x 
100cm3). The organic layers were combined, dried (MgSO4) and concentrated in vacuo to 
give the title compound 158 as a white solid (11.0 g, 91%). mp: 145-147 °C; 
IR: vrnax(CH2C12, cm') 1730s (CO); 8ll (400 MHz, CDC13), 4.00 (9H, s, OCH3), 8.88  ppm 
(3H, s, CArH); Sc {1H} (100 MHz, CDC13), 52.7 (OCH3), 131.2 (CAr), 134.6 (CA,), 165.4 
ppm (COOCH3); MS (ED: m/z 252 (Mt, 30%), 221 (Mt - OCH3, 100), 193 (Mt - 
COOCH3, 18), 178 (Mt COOCH3 - CH3, 3). 
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1,3,5-benzene trimethano1164 159 
HO 
OH 
159 
Lithium aluminiumhydride (3.99 g, 105.1 mmol) was placed into a 500 cm3 flask before 
the careful introduction of THF (150 cm3). The resulting suspension was cooled to 0 °C 
before triester 158 (10.0 g, 39.7 mmol) in THF (150 cm3) was introduced to the solution, 
via a cannula, over a period of 10 min. A water condenser was fitted to the flask and the 
reaction was heated at reflux for 24 h. The reaction was allowed to cool to room 
temperature before water (100 cm3) was carefully added. The product mixture was 
filtered through a celite pad and the filter cake was washed with chloroform (150 cm3). 
The solvents were removed under reduced pressure to give the triol 159 as a white solid 
(5.73 g, 86%). mp: 75-77 °C; IR: vmax(CH2C12, cm-I) 3400brs (OH); 8H (400 MHz, 
CD3OD), 4.63 (6H, s, CH2OH), 5.12 (3H, s, OH), 7.27 ppm (3H, m, CAr); 8c {1H} (100 
MHz, CDC13), 63.8 (CH2OH), 124.1 (CA,), 141.6 ppm (CAr); MS (EI): m/z 168 (Mt, 
100%), 150 (Mt - H2O, 18), 137 (Mt - CH2OH). 
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Trimethylbenzene-1,3,5-triether158 160 
OMe 
160 
A 250 cm3 flask was charged with sodium hydride (4.76 g, 119 mmol), before THE (50 
cm3) was carefully introduced. The resulting suspension was then cooled to 0 °C, before 
the triol (5.0 g, 29.8 mmol) was added portion-wise to the reaction over a period of 10 
min. A water condenser was fitted to the flask and the reaction was heated at reflux for 2 
h before being allowed to cool to room temperature. Methyl iodide (8.34 cm3, 134 mmol) 
was introduced and the reaction was stirred at room temperature for 14 h. The reaction 
mixture was quenched, with the careful introduction of a saturated solution of ammonium 
chloride (50 cm3). The product mixture was transferred to a separating funnel and the 
layers were partitioned. The aqueous layer was extracted with diethyl ether (2 x 50 cm3) 
and the organic layers were combined, dried (MgSO4) and concentrated under reduced 
pressure to yield 160 as a colourless oil (4.23 g, 68%). .3H (400 MHz, CDC13), 3.41 (9H, 
s, OCH3), 4.84 (6H, s, CH2OCH3), 7.27 ppm (3H, s, CAL); Sc {'H} (100 MHz, CDC13), 
58.2 (CH2OCH3), 74.4 (CI-120CH3), 126.3 (CAr), 138.6 ppm (CAr); MS (EI): m/z 210 (M+, 
70%), 178 (M+ - HOCH3, 73), 165 (M+ - 3CH3, 100). 
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Tricarbony1(1,3,5-tris-methoxymethyl-benzene)chromium(0)158 151 
OMe 
,-Cr(C0)3  
Me0 
OMe 
151 
A 500 cm3 round bottomed flask fitted with an air condenser, with a water condenser on 
top, was filled with triether 160 (3.12 g, 14.8 mmol), hexacarbonylchromium(0) (3.6 g, 
16.3 mmol), dry THE (40 cm3) and anhydrous di-n-butyl ether (160 cm3). The reaction 
was heated to 140 °C and stirred under a nitrogen atmosphere (ca. 1.05 bar) for 48 h. The 
yellow reaction mixture was allowed to cool to room temperature before the solvent was 
removed in vacuo. Purification of the crude product by flash column chromatography 
(Si02; hexane-ethyl acetate, 8:2) afforded the title complex 151 as a yellow solid (4.33 g, 
85%). mp: 79-81 °C; IR: vmax(CH2C12, cm-1) 1967s, 1889s (CO); SH (400 MHz, CDC13), 
3.48 (9H, s, CH2OCH3), 4.25 (6H, s, CH2OCH3), 5.34 ppm (3H, s, Cc,H); Sc {1H} (100 
MHz, CDC13), 59.0 (CH2OCH3), 72.8 (CH2OCH3), 89.7 (Car), 108.1 (Car), 232.5 ppm 
(CEO); MS (CI): m/z 364 (MNH4+, 24%), 347 (MH+, 46), 315 (MH+ - HOCH3, 100). 
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Tricarbony1(1-methoxymethy1-4-tert-butyl benzene)chromium(0)22 167 
OMe 
167 
A 250 cm3 flask was filled with complex 102 (2.0 g, 6.67 mmol) and methanol (40 cm3). 
The solution was stirred at room temperature and sulfuric acid (2.0 cm3) was carefully 
added to the solution. A water condenser was added to the flask and the solution was 
heated to 50 °C for 3 h, before being allowed to cool to room temperature. The reaction 
mixture was neutralized using a saturated solution of sodium hydrogencarbonate (50 
cm3). After transfer of the solution to a separating funnel, the layers were partitioned and 
the aqueous layer was extracted with diethyl ether (3 x 50cm3). The organic layers were 
combined, dried (MgSO4) and concentrated in vacuo to give the title compound 167 as a 
yellow solid (1.53 g, 73%). mp: 46-48 °C; IR: vma,,(CH2C12, cm') 1963s, 1885s (CO); 8it 
(400 MHz, CDC13), 1.31 (9H, s, C(CH3)3), 3.49 (3H, s, OCH3), 4.21 (2H, s, CH2OCH3), 
5.28 (2H, d, J= 7, Car), 5.60 ppm (2H, d, J= 7,Ccr); 8c {'H} (100 MHz, CDC13), 31.2 
(C(CH3)3), 34.0 (C(CH3)3), 59.1 (OCH3), 72.8 (CH2OCH3), 90.4 (Car), 92.6 (Car), 107.8 
(Car), 121.9 (Cc,), 233.4 ppm (CEO); MS (CI): m/z 332 (MNH4+, 100%), 315 (MH+, 83), 
283 (MH+ - OHCH3 , 46). 
146 
tBu  z- 
(0C)3C( 
168 
Tricarbonyl[1-tert-buty1-4-(2-benzyloxy-1-methoxy-ethyl)benzene] ch rom iu m(0) 168 
OBn 
OMe 
Complex 167 (500 mg, 1.59 mmol) was dissolved in THE (20 cm3) and stirred under 
nitrogen at -78 °C prior to the careful addition of tert-butyllithium (1.22 cm3, 1.7M in 
diethyl ether, 2.07 mmol). The reaction was stirred for a further 90 min at -78 °C, before 
benzyl chloromethyl ether (0.66 cm3, 4.78 mmol) was introduced in one portion. The 
reaction mixture was allowed to reach room temperature before being stirred for a further 
18 h. iso-Propanol (2 cm3) was then used to quench the reaction and the solvent was 
removed in vacuo. Purification of the crude product by flash column chromatography 
(Si02; hexane-ethyl acetate, 6:4) yielded the title complex 168 as an orange solid (636 
mg, 92%). Mp: 101-103 °C; IR: vmax(CH2Cl2, cm 1)  1941s, 1863s (CO); SH (400 MHz, 
CDC13), 1.33 (9H, s, C(CH3)3), 3.62 (3H, s, OCH3), 4.14 (1H, t, J = 7, 
CH(CH2OBn)OCH3), 5.37 (2H, dd, J = 7, CHCH2O), 5.53 (OCH2Ph), 7.25-7.40 ppm 
(14H, m, CAL., PPh2); Sc {'H} (100 MHz, CDC13), 31.2 (C(CH3)3), 34.0 (C(CH3)3), 59.0 
(OCH3), 69.6 (OCH2Ph), 73.5 (CH2(CH2OBn)OCH3), 79.8 (CH2(CH2OBn)OCH3) 90.0-
110.1 (Ccr), 123.2-137.8 (CA,), 233.6 ppm (CM)); MS (CI): m/z 452 (MNH4+, 52%), 403 
(MH+ - HOCH3, 100), 316 (MNH4+ - Cr(CO)3, 26), 246 (MNH4+ - 3C0 - CH3OCH2Ph, 
94); elemental analysis calculated for C23H26O5Cr  (434.11): C 63.59%, H 5.99%; found: 
C 63.67 %, H 6.04%. 
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1-tert-Butyl-4-(2-benzyloxy-1-methoxy-ethyl) benzene 169 
OBn 
OMe 
tBu 
169 
Complex 168 (500 mg, 1.15 mmol) was introduced to a solution of cerium ammonium 
nitrate (1.26 g, 2.30 mmol) in Me0H (10 cm3) and the resulting solution was stirred at 
room temperature for 1 h. After this time the solvent was removed in vacuo and the 
resulting residue was dissolved in ethyl acetate (10 cm3). The solution was filtered 
through silica and the silica plug was washed with ethyl acetate (2 x 10 cm3). The solvent 
was removed in vacuo to produce the desired compound 169 as a colourless oil (340 mg, 
99%). SH (400 MHz, CDC13), 1.37 (9H, s, C(CH3)3), 3.35 (3H, s, OCH3), 3.53-3.76 (2H, 
m, CHCH2OCH2), 4.45 (1H, dd, J = 3, 5, CH(CH2)OCH3), 4.71 (2H, t, J = 6, 
CH2OCH2Ph), 7.27-7.44 ppm (14H, m, CAr); Sc f ifil (100 MHz, CDC13), 31.4 
(C(CH3)3), 34.6 (C(CH3)3), 57.1 (OCH3), 69.6, 73.5, 74.8 (CHCH2OCH2Ph), 125.4-150.9 
ppm (Cm); MS (CI): m/z 316 (MNH4+, 100%), 284 (MH+ - CH3, 45), 267 (MH+ - 
HOCH3, 12); elemental analysis calculated for C20H2602 (298.42): C 80.54%, H 8.72%; 
found: C 80.41%, H 8.62%. 
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1-tert-Butyl-4-(2-hydroxy-l-methoxy-ethyl) benzene 170 
OH 
OMe 
tBu 
170 
Anhydrous DCM (10 cm3), diether 169 (160 mg, 0.54 mmol), Na2CO3 (128 mg, 1.21 
mmol) and chlorosulfonyl isocyanate (0.07 cm3, 0.81 mmol) were placed into a 50 cm3  
round bottom flask and a water condenser was fitted. The reaction mixture was then 
heated to reflux for 20 h before being cooled to 0 °C. NaOH (107 mg, 2.68 mmol) in 
Me0H (2 cm3) was then added to the reaction and the resulting mixture was allowed to 
warm to room temperature where it was stirred for 1 h. The solvents were then removed 
in vacuo, water (10 cm3) was added and the reaction was neutralised using a 10% 
solution of HCI. The organic products were then extracted with EtOAc (lx 30 cm3 and 2 
x 15 cm3). The organic layers were combined, washed with brine, dried (MgSO4) and 
concentrated. This led to the production of a mixture which was inseparable by flash 
column chromatography. 
149 
Tricarbony1([4-(4-tert-butyl-pheny1)-4-methoxy-but-1-ynyl]- 
trimethylsilane}chromium(0) 171 
SiMe3  
171 
Complex 167 (267 mg, 0.85 mmol) was dissolved in THE (10 cm3) and stirred under 
nitrogen at -78 °C prior to the careful addition of tert-butyllithium (0.65 cm3, 1.7M in 
diethyl ether, 1.11 mmol). The reaction was stirred for a further 120 min at -78 °C, before 
4-trimethylsilyl propargyl bromide (0.40 cm3, 2.55 mmol) was introduced in one portion. 
The reaction mixture was allowed to reach room temperature before being stirred for a 
further 20 h. iso-Propanol (0.5 cm3) was then used to quench the reaction and the solvent 
was removed in vacuo. Purification of the crude product by flash column chromatography 
(Si02; hexane-ethyl acetate, 6:4) yielded the title complex 171 as an orange solid (316 
mg, 88%). mp: 87-89 T; IR: vma„(CH2C12, cm-1) 1962s, 1883s (CO); .3H (400 MHz, 
CDC13), 0.17 (9H, s, Si(CH3)3), 1.32 (9H, s, C(CH3)3), 2.58 (1H, dd, J = 6, 7, 
CHCHHCHC), 2.76 (1H, dd, J = 6, 7, CHCHHCEC), 3.60 (3H, s, OCH3), 4.07 (1H, t, J = 
6, CHCHHC-=-C), 5.28-5.55 ppm (4H, m, Cyr); Sc {111} (100 MHz, CDC13), -0.21 
(SiCH3), 28.6-33.8 (CHCH2CEC), 58.6 (CH2OCH3), 88.3-91.2 (CAr), 111.3 (C=C-
SiCH3), 122.9 (C=C-SiCH3), 233.4 ppm (C0); MS (CI): m/z 442 (MNH4+, 19%), 425 
(MH+, 54), 393 (MH+ - HOCH3, 100); elemental analysis calculated for C21H28O4SiCr 
(424.17): C 59.43%, H 6.60%; found: C 59.51%, H 6.70%. 
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14-(4-tert-Butyl-phenyl)-4-methoxy-but-1-ynylFtrimethylsilane 172 
SiMe3  
172 
Complex 171 (158 mg, 0.37 mmol) was introduced to a solution of cerium ammonium 
nitrate (408 mg, 0.74 mmol) in Me0H (10 cm3) and the resulting solution was stirred at 
room temperature for 1 h. After this time the solvent was removed in vacuo and the 
resulting residue was dissolved in ethyl acetate (10 cm3). The solution was filtered 
through silica and the silica plug was washed with ethyl acetate (2 x 10 cm3). The solvent 
was removed in vacuo to produce the desired compound 172 as a yellow oil (105 mg, 
99%). SH (400 MHz, CDC13), 0.17 (9H, s, Si(CH3)3), 1.34 (9H, s, C(CH3)3), 2.56 (1H, dd, 
J = 6, 7, CHCHHCEC), 2.76 (1H, dd, J = 6, 7, CHCHHCEC), 4.31 (HI, t, J = 6, 
CHCHHCEC), 7.26-7.40 ppm (4H, m, CAr); 8c {11-1} (100 MHz, CDC13), 0.08 (SiCH3), 
20.0-34.5 (CHCH2CEC), 57.1 (CH2OCH3), 82.0-105.2 (CAr), 125.1 (C—=C-SiCH3), 126.4 
ppm (C—=C-SiCH3); MS (CI): m/z 306 (MNH4+, 100%), 274 (MNH4+ - HOCH3, 27), 257 
(MH+ - HOCH3, 11); elemental analysis calculated for C18H280Si (288.13): C 75.00%, H 
9.72%; found: C 74.88%, H 9.62%. 
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1-tert-Butyl-4-(1-methoxy-but-3-yny1)-benzene 173 
173 
Silane 162 (105 mg, 0.36 mmol) was dissolved in THF (10 cm3) and stirred at room 
temperature before a solution of TBAF (1M in THF, 2.19 cm3, 2.19 mmol) was 
introduced to the reaction vessel. The reaction was stirred at room temperature for 2 h. 
Water (10 cm3) was introduced to the reaction and the organic products were extracted 
with Et20 (3 x 20 cm3). The organic layers were combined, washed with brine, dried 
(MgSO4) and concentrated. Purification of the crude product by flash column 
chromatography (Si02; hexane-ethyl acetate, 9:1) yielded the title complex 173 as a 
brown oil (67 mg, 87%). SH (400 MHz, CDC13), 1.35 (9H, s, C(CH3)3),  2.02 (1H, t, J= 3, 
CECH), 2.63 (2H, ddd, J= 2, 3, 4, 7, CHCHHCEC), 3.30 (3H, s, OCH3), 4.32 (1H, t, J= 
6, CHCHHCEC), 7.27-7.41 ppm (4H, m, CAr); Sc {1H} (125 MHz, CDC13), 27.9 
(CH2CEC), 31.4 (C(CH3)3), 34.6 (C(CH3)3), 57.0 (OCH3), 69.8 (CHOCH3), 125.3-151.0 
ppm (CAr);  MS (CI): m/z 234 (MNH4+, 100%), 202 (MNH4+- HOCH3, 63), 177 (MNH4+ - 
HOCH3 - HCEC, 42); HRMS (CI), calculated for C15H240N, MNH4+: 234.1858, found 
234.1865. 
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1-Benzy1-442-(4-tert-butyl phenyl)-2-methoxy-ethyl]-11,2,3]triazole 166 
166 
Alkyne 173 (32 mg, 0.15 mmol), benzyl azide (0.02 cm3, 0.17 mmol), CuSO4.5H20 (1.9 
mg, 0.05 mmol), sodium ascorbate (4.5 mg, 0.0225 mmol), DCM (0.15 cm3) and water 
(0.15 cm3) were added to a 5 cm3 test tube and stirred for 1 h at room temperature. The 
reaction mixture was transferred to a bigger flask and diluted with DCM (5 cm3) and 
water (5 cm3). The organic layer was separated, dried (MgSO4) and concentrated. 
Purification of the crude product by flash column chromatography (SiO2; hexane-ethyl 
acetate, 95:5) yielded the title complex 166 as a clear oil (41 mg, 78%). IR: vmax(neat, cm-
') 1718s, 1698s (C=C, N=N); 451-1 (400 MHz, CDC13), 1.34 (9H, s, C(CH3)3), 3.02-3.20 
(2H, m, CH(OCH3)CH2), 3.20 (3H, s, OCH3), 4.43 (1H, m, CH(OCH3)CH2), 5.48 (2H, 
dd, J = 15), 7.00-7.54 ppm (10H, m, CAr, C=CH); Sc 	(125 MHz, CDC13), 31.4 
(C(CH3)3), 34.6 (C(CH3)3), 53.9 (CHCH2), 54.8 (NCH2Ph), 82.7 (CHCH2), 122.2-150.7 
ppm (CAr, C=C); MS (CI): m/z 350 (MH+, 4%), 323 (MNH4+ - 3CH3, 100); elemental 
analysis calculated for C22H270N3 (349.11): C 75.65%, H 7.73%, N 12.03%; found: C 
75.58%, H 7.68%, N 11.91%. 
153 
OMe 
,...Cr(C0)3  
0 
MeO 
OMe 0 
(+)-161 
(+)-(R,R,R)—Tricarbony111,3,5-tris-(1-benzyloxymethyl-1-methoxy-methyl) 
benzenelchromium(0) (+)-161 
n-Butyllithium (0.70 cm3, 2.24M in hexanes, 1.56 mmol) was added carefully to a 
solution of diamine (+)-27 (328 mg, 0.78 mmol), in THF (10 cm3) at -78 °C and the 
solution was allowed to reach room temperature over a period of 30 min. The deep red 
solution was then re-cooled to -78 °C and a solution of heat gun dried lithium chloride 
(33 mg, 0.78 mmol) in THF (10 cm3) was introduced via a cannula. Stirring was 
continued for a further 5 min before a solution of complex 151 (90 mg, 0.26 mmol) in 
THF (10 cm3) was also introduced to the reaction mixture via a cannula. After 120 min 
stirring at -78 °C, benzyl chloromethyl ether (0.36 cm3, 2.60 mmol) was added and 
stirring was continued for a further 40 h at -78 °C before iso-propanol (0.5 cm3) was used 
to quench the reaction and the solvent removed in vacuo. Purification of the crude 
product by flash column chromatography (Si02; hexane-diethyl ether, 100:0-7:3 gradient 
elution) yielded the title complex (+)-161 as an orange oil (181 mg, 98%). [4)20  +144 
(c 0.002, CH2C12); IR: vmax(neat, cm 1)  1963s, 1887s (CO); 51-1 (400 MHz, CDC13), 1.60 
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(+)-162 
0 
(6H, s, CHCH2O), 3.60 (9H, s, OCH3), 4.14 (3H, t, J = 5, CHOCH3), 4.50 (6H, s, 
OCH2Ph), 5.64 ppm (3H, s, Ccr); 6c { IH} (100 MHz, CDC13), 59.1 (OCH3), 73.5 
(CH(CH2)OCH3), 74.4 (CH2Ph), 80.3 (CH2OCH3), 90.7-137.8 (Car), 232.9 ppm (C0); 
MS (EI): m/z 706 (Mt, 9%), 502 (Mt - 3C0 - CHOCH2Ph, 23), 449 (Mt - Cr(CO)3 — 
CH2OCH2Ph, 100); HRMS (ESI), calculated for C39H4209NaCr, [M + NW: 729.2132, 
found 729.2117. 
(+)-(R,R,R)-1,3,5-tris-(1-benzyloxymethyl-1-methoxy-methyl) benzene (+)-162 
Complex (+)-161 (186 mg, 0.26 mmol) was introduced to a solution of cerium 
ammonium nitrate (289 mg, 0.53 mmol) in Me0H (5 cm3) and the resulting solution was 
stirred at room temperature for 1 h. After this time the solvent was removed in vacuo and 
the resulting residue was dissolved in ethyl acetate (10 cm3). The solution was filtered 
through silica and the silica plug was washed with ethyl acetate (2 x 10 cm3). The solvent 
was removed in vacuo to produce the desired compound 172 as a colourless oil (144 mg, 
97%). [a]D2°  = +76 (c 0.01, CH2C12); SH (400 MHz, CDC13), 3.32 (9H, s, OCH3), 3.52 
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(3H, dd, J = 8, 2, CHCHHO), 3.68 (3H, dd, J = 8, 2, CHCHHO), 4.43 (3H, dd, J = 8, 
CHCHHO). 4.58 (6H, dd, J = 12, OCH2Ph) 7.23-7.53 ppm (18H, m, Ph, CAr); 8c {'H} 
(100 MHz, CDC13), 57.2 (OCH3), 73.4 (OCH2Ph), 74.6 (CHCH20), 83.0 (CHCHHO), 
125.0-139.6 ppm (CA„ C6H5); MS (CI): m/z 588 (MNH4+, 36%), 468 (MNH4+ - 
CHOCH2Ph, 73), 246 (M+ -3[CH2OCH2Ph], 100); elemental analysis calculated for 
C36H4206 (570.32): C 75.79%, H 7.37%; found: C 75.75%, H 7.46%. 
Tricarbony1(1-(1'-methoxy-V-prop-2-yne-3-trimethylsily1)-3,5-di-methoxymethyl-
benzene)chromium(0) 174 
Me0 
OMe 
174 
n-Butyllithium (6.54 cm3, 1.41M in hexanes, 9.23 mmol) was added carefully to a 
solution of diamine (+)-27 (1.94 g, 4.61 mmol), in THF (20 cm3) at -78 °C and the 
solution was allowed to reach room temperature over a period of 30 min. The deep red 
solution was then re-cooled to -78 °C and a solution of heat gun dried lithium chloride 
(196 mg, 4.61 mmol) in THF (40 cm3) was introduced via a cannula. Stirring was 
continued for a further 5 min before a solution of complex 151 (515 mg, 1.49 mmol) in 
THF (100 cm3) was also introduced to the reaction mixture via a cannula. After 180 min 
stirring at -78 °C, 4-trimethylsilyl propargyl bromide (2.33 cm3, 14.88 mmol) was added 
156 
and stirring was continued for a further 120 h at rt before iso-propanol (0.5 cm3) was used 
to quench the reaction and the solvent removed in vacuo. Purification of the crude 
product by flash column chromatography (Si02; hexane-diethyl ether, 7:3) yielded the 
mono-substituted complex 174 as an orange oil (536 mg, 79%). SH (400 MHz, CDC13), 
0.16 (9H, s, Si(CH3)3), 3.47 (6H, s, OCH3), 3.59 (3H, s, OCH3), 4.05 (1H, t, J = 6, 
CH(OCH3)CH2), 4.17-4.34 (4H, m, CH2OCH3), 4.48 (2H, s, CH2C-a-C), 5.39 (2H, s, Car), 
5.56 ppm (1H, s, Car). 
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